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Summary: On the basis of a conceptual distinction between capital deepening and 
ouneaemaaaseie 
technical change, the latter is found to be the dominant factor in accounting for increases 


manufacturing during the past four decades. Moreover, 


technical change in aggregate manufacturing is found to have exceeded a 
weighted average « 


in output per manhour in U.S 
the rate of 


ff the industry rates of technical change by a substantial margin. The 


discrepancy between the two, which has been termed “interindustry technical change,” 
can be attributed large 


ly to shifts of capital from industries where the marginal produc- 
wf capital is low to those where this marginal productivity is higher. Finally, it is 
seen that industries with high technology levels tend to have both high capital turnover ra- 


tios and high wage rates, lending support to the hypothesis that investment acts as a vehi- 
cle for bringing about technical change. 
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DETERMINANTS OF PRODUCTIVITY CHANGE IN 
UNITED STATES MANUFACTURING 


Benton F. Massell 


1. Introduction 





The past forty years have witnessed a significant rise in output per 
manhour in all major segments of the U.S. economy. The present study at- 
tempts to contribute to our understanding of the forces underlying this trend. 

It is convenient to begin by classifying these forces as either (1) capi- 
tal deepening (a rise in the ratio of capital to labor employed in production, 
where capital is defined as all non-human productive inputs) or (2) technical 
change (any change in the technique of production which enables a larger out- 
put from a given combination of inputs). Conceptually, the distinction is quite 
clear between technical change, on the one hand, and an increase in the capi- 
tal-labor ratio, on the other. Expressing output per manhour as a function 
of capital per manhour, increased capital intensity corresponds to a move- 
ment along the production function, while technical change refers to a shift 
from one function to another. Statistically, the distinction is obscured by the 
fact that, while a production function represents a range of hypothetical al- 
ternative factor combinations, in fact, at any one time, only one combina- 
tion can be observed. If the function is shifting over time due to improve- 
ments in the technology, only one point on each function is observable, and 
the effects of technical progress and increased capital intensity on output 
per manhour are confounded. 

Section II of this essay presents a method of apportioning past changes 
in productivity (i.e., the average productivity of labor) between technical 
change and capital deepening. This procedure is applied to the manufacturing 
sector of the U.S. economy for the period 1919 to 1958. 

In Section III, the same analysis, with appropriate modifications, is 
applied to the Standard Industrial Classification (SIC) two-digit manufacturing 
industries for the postwar period, and the industry rates of technical change 
are compared with aggregate figures to determine the relative importance 
of “interindustry” and “intraindustry” technical change. The former is 
shown to result from shifts of capital and labor among industries. 

The model discussed in Section II was first presented formally by 
Robert Solow! in estimating the quantitative importance of technical change 
in the private non-farm segment of the United States economy. Solow at- 
tributed 90 per cent of the rise in productivity to improvements in the tech- 
nology, and the remaining 10 per cent to capital deepening. 2 The results 





1. Robert M. Solow, “Technical Change and the Aggregate Production 
Function,” The Review of Economics and Statistics, XXXIX (August 1957), 
pp. 312-20. 





2. In fact, Solow’s initial figure was 87.5 per cent, but computational er- 
rors were subsequently found in his work. See W. P. Hogan, “Technical 
Progress and Production Functions,” ibid., XL(November 1958), pp. 407-08. 
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of his and similar studies! supported the view that technical advance was of 
overwhelming importance in bringing about the observed long-run increase 


2 
in output per manhour, ¢ 


However, these studies fail to consider the possible interaction or 
complementarity between shifts in the production function and investment. 
Section IV of the present essay examines this question of complementarity in 
some detail. A model is developed which explicitly recognizes that technical 
change may depend on gross investment. The hypotheses suggested by this 
model are tested empirically, using time series and cross section data. 

The final section of the essay summarizes the conclusions which are 
supported by the empirical results of the earlier sections and briefly ex- 
plores some of the implications of these conclusions. 

2. Technical Change vs. Capital Deepening? 

This section presents estimates of the relative importance of tech- 
nical change and capital deepening in bringing about productivity increases 
in United States manufacturing. 





The Model 


Assuming technical change to be neutral (i.e., that it shifts the pro- 
duction function iso-elastically), the production function can be written: 


(2.1) @Q = A(t)f(K, L), 


where Q = output, L = labor inpu: (measured in manhours), K = capital 
input, t = time, and A can be considered as an index of the level of 





1. See, for example, Solomon Fabricant, “Economic Progress and Eco- 
nomic Change,” 34th Annual Report of the National Bureau of Economic 
Research (1954); M. C. Urquhart, “Capital Accumulation, Technological 
Change, and Economic Growth,” Canadian Journal of Economics and Polit- 
ical Science, XXV (November 1959), pp. 411-30; M. Abramovitz, “Re- 
sources and Output Trends in the U.S. since 1870,” American Economic 
Review, Papers and Proceedings, 46 (May 1956), pp. 5-23; J. Kendrick, 
“Productivity Trends: Capital and Labor,” Review of Economics and Sta- 
tistics, 39 (August 1956), pp. 248-57; O. Niitamo, “Development of Pro- 
ductivity in Finnish Industry, 1925-1952,” Productivity Measurement Re- 
view, 15 (November 1958), pp. 30-41; J. Schmookler, “The Changing 
Efficiency of the American Economy, 1869-1938," Review of Economics 
and Statistics, 34 (August 1952), pp. 214-321; and T. W. Schultz, “Re- 
flections on Agricultural Production, Output and Supply,” Journal of Farm 
Economics, 38 (August 1956), pp. 748-62. 
































2. Regarding the danger of attributing causal significance to these re- 
sults, see below, pp. 346-47. 


3. This section is a revision of a paper published in the Review of Eco- 
nomics and Statistics, XLII (May 1960), pp. 182-88. 
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technology. The neutrality assumption permits writing A(t) as a factor of 
proportionality (instead of having to express it as an argument in the **inction). 


If it is further assumed that the function is linear homogeneous, one ca. 
write: 


(2.2) q = A(t)f(k, 1), 


with q = Q/L and k = K/L. Solow has shown! that by assuming competitive 


pricing in factor markets, an expression for the percentage rate of technical 
progress is: 


A_g k 
2.3) =—==+-8 = 
aes es 


where 8 = property’s share of the product, and the dots denote derivatives 


with respect to time. 2 If discrete changes are substituted for time deriva- 
tives, (2.3) can be rewritten: 


(2.32) S22 . 8g _, SE 


A q ae mete 





1. Solow, pp. 312-13. 
2. The derivation of (2.3) is as follows: Taking logarithmic derivatives of 
(1) gives: 


@ 2 Aw eaedia sancge >. 
7 a — ——_—_— +> — . + ——_ . . 
(3.58) 6." AE ee ob gg, + 
Noting that f = 2, this can be rewritten: 
QA 7 ; 
2.2b) S2®=]= +Ada. ae. a+. = 1S 
(2.2b) QA 


Competitive factor pricing enables writing 


K of 
2.2¢c = _-. — 
(2.2c) B A Q aK , 
while linear homogeneity ensures that 
L of 
2.24) 1-8B® A. 2>-.= 
( ) Q° aL 
Thus, substituting (2.2c) and (2.2d) into (2.2b), 
es Oe L 
2.2e) = ==—+B=—+(1-8)—, 
(2.2e) F =F + BE + -B)F 


from which (2.3) follows easily. Solow pointed out (op. cit., p. 313) 
that the exhaustive classification of factors, together with the assump- 


tion of competitive factor pricing, implies linear homogeneity as 
well. 
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and an index of technology for each year can be derived from the identity 


(2.4) A( 1) = A(t) [1 Art) |” 


setting A(t,) 1. This index will show the position of the production func- 
tion at each point in time. 

The assumption that factors are competitively priced may be ques- 
tioned, particularly during either war or depression. Nevertheless, the 
marginal productivity doctrine does not have to be taken too literally as an 
instantaneous equilibrating mechanism; rather, this doctrine can refer to a 
tendency for factors, in the long run, to be competitively priced, so that in 
most years the rate of return to the factor will serve as a first approxima- 
tion to its marginal product. When property’s share is higher than is war- 
ranted by its marginal product, due to short-run disequilibrium in factor 
markets, then technical change will be understated or overstated accordingly 
as the percentage rate of increase in capital is greater or less than zero. 
The results of this study are not greatly affected by small changes in prop- 
erty’s share. 

There is little evidence either to support or to reject the neutrality 
assumption. The relative constancy of labor's share of net income has been 
advanced as evidence that technical progress has been, on the whole, neu- 
tral, | but this condition is neither necessary nor sufficient unless the func- 
tional form of (2.1) is further specified. 2 One must either postulate a 
specific type of production function or assume neutrality; we have chosen 
the latter because it appears less restrictive. 

The linear homogeneity assumption should not be particularly ob- 
jectionable; it is one commonly found in economic analysis. Land is not of 
great importance in manufacturing, so one should not expect to find signif- 
icantly diminishing returns to labor and capital. One is more likely to be 
confronted with increasing returns, and if this is the case, the benefits of 
increases in scale will be attributed to technical advance. 


The Variables 

To compute the technology index, observations are needed on four 
variables: output, capital, labor, and property’s share. As none of these 
is wholly unambiguous, it might be useful to discuss at some length pre- 
cisely what is called for in the model. 

One interpretation of equation (2.1) is that it is analogous to an en- 
gineering relationship, with both output and inputs referring to physical 








1. This is essentially the meaning of Solow's test for neutrality (op. cit., 
p. 313). 

2. See S. G. Winter, Jr., “Testing for Neutrality of Technical Change,” 
Cowles Foundation Discussion Paper No. 61 (multilithographed; New Haven: 
Cowles Foundation for Research in Economics at Yale University, 1958). 
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goods. A gross concept of output would be appropriate to this scheme, and 
property’s share would include depreciation allowances. However, if (2.1) 
is viewed in this way, it becomes necessary to include a third factor of pro- 
duction, viz., raw materials, or more generally, purchases from outside of 
the sector; this, however, violates the assumption of constant returns to 
labor and capital. By including outside purchases as an input, labor’s share 
plus capital’s share fail to exhaust the product. 

Alternatively, (2.1) can be considered as a value relationship. Here 
two choices present themselves: Output can be considered as net income 
originating in the sector (i.e., the sum of net factor incomes), or as value- 
added (including deprecation). The first of these is conceptually more appeal- 
ing, for if one is concerned with output in value terms (rather than physical 
units), then it makes little sense to include as an increase in output that which 
results from increased durability of capital. One is, unfortunately, limited 
by the type of data available, particularly due to the treatment of capital con- 
sumption. Depreciation, which is deducted from gross output to obtain net 
output, is, to a large extent, arbitrary, depending on the conventions pur- 
sued by accountants and on prevailing tax laws. Net output would be satis- 
factory only if it measured the sum of factor incomes based on a notion of 
capital consumption which expressed actual deterioration of the services 
associated with structures and buildings. Available data are quite inade- 
quate in this respect. 

While in a “normal” year, i.e., a peacetime, full-employment year, 
depreciation charges may give a fair approximation to capital consumption, 
in a “troubled” year such as 1930, when output has fallen considerably below 
the expected, or normal, value, depreciation in the accounting sense may 
greatly exceed the actual decline in the value (in real terms) of the capital 
stock. ! While in some cases depreciation is a function of time only, in 
other cases it is a function of both time and output. While a straight line 
depreciation allowance may serve as a good approximation to actual capital 
consumption when actual output equals expected output, it is a poorer ap- 
proximation when output either greatly exceeds or falls short of its expected 
value. 

It appears preferable, consequently, to use some other measure of 
output as a proxy for net output. As a carefully worked series relating to 
gross physical output per manhour has recently been completed by John 
Kendrick, the natural choice is to use this source.2 This series appears 
in Column 1 of Table 1 and in Figure 1. The distinction made by Kendrick 
between physical output and valued output is that the former represents an 
aggregation over physical goods produced, weighted by their respective 





1. During the 1930’s, straight line depreciation was predominantly used. 


2. J. Kendrick, Productivity Trends in the United States (Princeton: 
Princeton University Press, 1961). 
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TABLE 1 
Output per Manhour (q), Capital per Manhour (k), and Labor’s 
Share of Income Originating (8) in U.S. Manufacturing, 1919-1958 





Capital per Manhour 











Output per Manhour (Index Numbers, 1929 = 100.0) Labor's 

(Index Numbers, Unadjusted for Adjusted for Share 
Year 1929 100.0) Idle Capacity Idle Capacity (Per cent) 
1919 58.0 66.1 66.8 75.47 
1920 61.5 70.3 69.7 73.30 
1921 71.0 104.9 95.4 79.17 
1922 80.4 94.9 90.6 80.11 
1923 77.4 84.6 84.6 77.94 
1924 82.3 97.3 95.0 79.42 
1925 87.7 95.0 94.2 76.59 
1926 89.4 95.3 96.6 74.26 
1927 91.5 99.0 98.1 78.28 
1928 95.6 102.1 100.8 77.10 
1929 100.0 100.0 100.0 75.12 
1930 103.7 122.0 115.1 77.64 
1931 103.9 148.5 129.0 89.01 
1932 97.1 176.8 139.5 109.09 
1933 105.7 155.9 121.0 105.75 
1934 110.4 143.8 116.3 90.19 
1935 117.6 126.6 104.5 83.36 
1936 118.5 110.0 94.5 79.01 
1937 116.9 106.1 93.9 79.37 
1938 114.9 135.1 113.0 84.14 
1939 125.8 115.1 98.5 80.84 
1940 131.9 106.7 94.2 74.26 
1941 136.7 88.5 82.4 69.68 
1942 139.1 76.1 74.9 71.80 
1943 141.0 64.6 65.5 74.01 
1944 139.4 64.9 66.3 75.52 
1945 137.5 75.3 76.3 78.14 
1946 126.4 89.4 88.8 79.77 
1947 133.8 92.0 91.7 76.80 
1948 138.6 96.8 96.6 73.66 
1949 143.7 108.9 106.4 74.52 
1950 155.3 103.4 101.5 71.56 
1951 153.3 101.9 102.1 71.41 
1952 157.1 106.4 107.0 75.67 
1953 163.9 106.0 116.0 77.27 
1954 168.5 118.1 115.9 79.01 
1955 179.7 113.5 112.6 75.46 
1956 183.2 116.6 115.9 77,80 
1957 187.1 123.9 122.5 78.84 
1958 193.3 136.8 131.7 81.57 
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market prices in a base year, and expressed as an index number, while the 
latter is a deflated value series, i.e., one reduced to dollars of constant pur- 
chasing power. One would expect the two measures to correspond quite 
closely, and, in fact, they are theoretically identical provided appropriate 
price indices are used. 

Use of an index of physical production as an indication of changes in 
value addec requires the assumption that purchases from outside the sector 
remain constant as a proportion of gross output. Thus, letting M = outside 


purchases, Q] value added by labor and capital, and Qo = gross output, 
(2.5) Q) Qo - M. 
._M 
Moreover, if = c constant, then 
Q 


(2.5a) Q, Qo (1 - c) 


Noting that the model is concerned only with the percentage rate of change 
of output and not with the absolute level, it is seen from (2.5a) that: 


; 2, Q, 
(2.6) — === 
® & 


Similarly, if the ratio of depreciation to value added is constant, then 
Kendrick’s index can serve as a substitute for income originating. Of 
course, there are annual variations in the depreciation-output ratio, but 
these may be largely spurious, for the reasons discussed above; there is 
no evidence of a secular change in this ratio. 

It should be mentioned that Kendrick’s output measure has one draw- 
back in that there is some double-counting of output in aggregating the in- 
dustry groups of the sector. Here, again, one must rely on the belief that 
no significant trend has occurred in the vertical integration of the manu- 
facturing segment of the economy. 

Labor input is measured in manhours worked and refers to all labor 
time, including that of self-employed persons as well as employees. ! This 
best corresponds with the economist’s notion of labor service as a factor of 
production. No attempt is made to allow for different grades of labor, for 
changes in the intensity with which the labor is applied, for changes in the 
composition of the labor force, nor for the increased importance of skills 
and education in more recent years. We have taken labor in terms of man- 
hours of some constant or average quality. This surely results in an under- 
statement of the increase in manhours worked; today’s worker is unques- 
tionably better equipped intellectually, and possibly physically (due to better 
diets), than his temporal predecessor. It is debatable, though, whether 
this should be termed an increase in labor input or whether it is a form of 





1. Again it was decided to use Kendrick’s data, op. cit. 
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investment, for besides being better complemented with physical capital, 
today’s worker is more adequately provisioned with mental capital. This 
quality improvement factor, then, results in an estimate of the rate of tech- 
nical change that is higher than would be obtained if labor were weighted ac- 
cording to skill. 

Capital input would ideally refer to a flow of services from the use of 
structures, equipment, and inventory, commensurate with the flow of labor 
services. The difficulty in evaluating capital services is, however, exceed- 
ingly great, in principle as well as in practice. First, a distinction must be 
made between employed capital and idle capital; presumably, services from 
the latter equal zero. 1 Second, even limiting oneself to capital actually in 
use, it is not obvious what method of valuation is most appropriate. It appears 
that the homogeneity assumption is most flagrantly violated with respect to this 
input, for each year’s capital goods can be expected to surpass prior vintages 
with regard to performance, measured in any meaningful way. : 

However, if capital input is measured by its market value, then the 
central problem being discussed here is defined away. When interest is cen- 
tered on capital formation and technical change as conceptually distinct forces 
contributing to productivity increments over time, then it is important for the 
former to be measured net of the latter. Clearly, if all improvements in the 
technology are reflected in the measurement of capital input, then capital 
deepening will be responsible for the entire increase in output per manhour. 
Consequently, capital should be measured not in present value terms, but 
rather in a way which equates machines with the same original cost of pro- 
duction, deflated to allow for changes in ine general price level. This is not 
to argue that this is “the” way to evalute the capital stock: there are several 
alternative methods which are equally “correct,” and one’s choice from among 
them must depend on the use to which the figures are to be put. 

In the present study, then, a good case can be made for expressing 
capital in the following way: 


x) 


(2.7)  K(t) = Up uxye? dx , 





1. In a continuous production function of the form assumed here, the mar- 
ginal productivity of a factor is always greater than zero regardless of the 
quantity of the factor. For this reason there is, strictly speaking, no place 
in the model for idle resources. To take account of the unemployment of 
resources which has occurred, one must admit a temporary departure from 
equilibrium conditions. This may be due to imperfect substitutability be- 
tween capital and labor, or between different types of capital, in the short 
run. 


2. This fact forms the basis for the analysis in Section IV, and will be dis- 


cussed in greater detail there. 
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where 0 a deterioration factor, I = gross investment, and where K defines 
the concept, “physical capital.” One limiting case which deserves mention 
is that in which ¢ is a discontinuous function, as given by 


y(t -x)=0, xZ@ 


oa (t - x) ox > 6 


(2.7) then becomes: 


(2.7a) K(t) = j' I(x)dx , 

t-6 
which is an expression for the gross capital stock. Measured in this way, 
capital formation equals gross investment less retirements (rather than de- 
preciation); this implies a “one-hoss shay” assumption regarding the deteriora- 
tion of capital goods. 

In general, though, this assumption need not be made; what is essential 
is that 0 be exclusively a reflection of wear-and-tear, and not of obsolescence. 
The latter is governed primarily by investors’ expectations of the future rate 
of introduction of new techniques, and to the extent that anticipated changes in 
technology approximate realized changes, obsolescence will be an approxima- 
tion to technical change. While for other purposes, capital should be measured 
in a manner which allows for obsolescence, this would be inappropriate here. 
To the extent that obsolescence is deducted from the measure of capital, the 
stock is undervalued; this in turn results in an upward bias in the estimate of 
the rate of innovation. 

Physical capital, as defined by equation (2.7), is a summation of assets 
of different types, using as a common denominator the (deflated) original cost. 
While market value undoubtedly understates physical capital, it is equally 
certain that gross capital overstates it. In other words, while market valua- 
tion adds obsolescence to deterioration, gross capital valuation assumes no 
wear-and-tear of the asset until its retirement. What is needed is a com- 
promise between these two measures. This compromise is provided by a 
capital stock series compiled by Donald G. Wooden and Robert C. Wasson. 1 
Their data are based on a notion of capital which is essentially the same as 
the physical capital concept discussed above. This set of figures, however, 
relates to all capital, regardless of whether or not it is employed in produc- 
tion. But during a recession, when the level of employment declines sharply, 
idle capacity is likely to emerge as well. Consequently, there will be a 





1. U.S, Department of Commerce, U.S. Income and Output (Washington: 
U.S. Government Printing Office, 1958), pp. 196-97. 1956-57 data are 
taken fromthe revised series appearing in Survey of Current Business, 
July 1959. See also D. G. Wooden and R. C. Wasson, “Manufacturing 
Investment since 1929 in Relation to Employment, Output, and Income,” 
Survey of Current Business, XXXVI (November 1956). 
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discrepancy between capital items in existence and those in use, with a corre- 
sponding discrepancy between actual capacity and the flow of capital services. 

Column 2 of Taple 1, and Figure 2, show the time path of the ratio 
of capital (measured in 1954 dollars) to manhours worked in manufacturing; 
this series gives evidence of a strong upward trend, but is nevertheless 
marked by sharp cyclical instability as compared with the output per man- 
hour figures. While the secular rise in the capital-labor ratio so measured 
probably represents a “real” phenomenon, in the sense that it signifies a 
changing composition of inputs in the aggregate production function, there is 
good reason to believe that the cyclical variation results, for the most part, 
from idle capacity, which is included in the measurement of capital. While 
one can, as a rule, get a reasonably good approximation to actual manhours 
worked, for years in which there is considerable unemployment as well as 
in “full” employment years, corresponding figures for the capital stock are 
not available. 

From the standpoint of the production function, interest centers not 
on capital and labor in existence, but on the quantities of the factors actually 
employed. The latter corresponds more closely to the notion of factor pro- 
portions in economic theory. To make the appropriate adjustment in the raw 
capital data, some measure of idle capacity must be devised. Although some 
attention has been devoted to the concept of capacity and its utilization for 
particular industries in the post-World War II years, no attempt was made, 
for earlier periods, or for the aggregate, to gauge the extent to which capital 
was actually employed in the economy. Nevertheless, an attempt must be 
made to adjust the data to remove the asymmetry caused by the labor figures 
referring to employed labor and the capital data relating to existing capital. 

One way to do this is to multiply each year’s capital stock by the 
proportion of the labor force employed for that year. This is the procedure 
followed by Solow, who, while admitting that the method is far from ideal, 
considers it preferable to the use of the unadjusted figures. 1 While I am in 
agreement with Solow on this point, I think it fair to point out that this pro- 
cedure is equivalent to using as inputs (1) capital in existence and (2) the 
labor force. This, of course, assumes that, during a recession, both 
factors will be unemployed to the same extent. One must remember, how- 
ever, that this study is concerned not with the whole economy, but with 
one sector only, and there is some question as to whether one can refer to 
a “manufacturing labor force.” On the other hand, using data for the aggre- 
gate labor force implicitly assumes that unemployment falls evenly on all 
sectors, clearly a heroic assumption. It seems probable that the per cent 
of unemployed in manufacturing is greater than the national average. Thus, 
if fixed proportions is a reasonable hypothesis for the short run, idle ca- 
pacity will be somewhat understated by using this method, and the capital 
stock will be correspondingly overstated. This is offset, fortunately, by 





1. Solow, op. cit., p. 314. 
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another factor tending to err in the opposite direction. 

During a recession, the labor force is likely to increase due to both 
secular and cyclical factors. At the same time, the level of net investment 
falls during such a period, possibly becoming negative for some years, re- 
sulting in little if any increase in the capital stock. Hence, a given number 
of employed workers constitutes a smaller percentage of labor force employ- 
ment than during the preceding full employment period, whereas the capital 
stock has not increased proportionately. The result is an overcorrection for 
idle capacity, tending to balance the undercorrection discussed in the pre- 
ceding paragraph. Of course, it is impossible to predict which will have the 
greater effect. The capital-labor data, adjusted by this procedure, are 
shown in Table 1, Column 3. 

The fourth variable, property's share of net income originating in 
manufacturing (see Column 4 of Table 1), was obtained by subtracting from 
unity labor’s share, for each year, including an imputed share for self- 
employed. 1 It is interesting to note that in two years, viz., 1932 and 1933, 
labor income exceeded total net income, indicating an apparent net loss for 
capital. There is some doubt, however, whether capital’s share was in fact 
negative in these years; an alternative explanation focuses on the difference 
between actual depreciation of fixed capital and apparent depreciation, as 
represented in business records. A more “realistic” calculation of capital 
consumption might iead to a non-negative property income for these years. 
But, as stated above, the marginal productivity theory of distribution ex- 
presses only a tendency rather than an instantaneous adjustment, so that 
even if profits were negative, a positive marginal product of capital would 
be consistent with this. Because we are interested in property’s share as 
an indication of the marginal productivity of capital, it seems reasonable 
to use a zero value for the two years in question. 


Results of the Aggregate Study 

The initial step was to calculate —_— for each year of the interval 
1919-58, as appears in Column 1 of Table 2. Next, the scale factor was 
determined by letting A(19) = 100.0, and the entire A(t) series was de- 
rived. This is shown in Column 2 of Table 2 and in Figure 3. Inspection 
of the technology path reveals that while it contains some irregularities, 
it is nevertheless strongly dominated by an upward trend. 

Hypothesizing that A(t) can be approximated by an exponential func- 
tion of time, the following equation was fit by least squares: 





(2.8) &n(A) = @ + At 


The parameters were estimated for several sub-periods, as well as for 
the period as a whole, and are presented in Table 3, together with the 





1. Department of Commerce, U.S. Income and Output, pp. 130-31, 200; 
for 1956-57, see footnote 1 on p. 312. 
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TABLE 2 
Annual Percentage Rate of Technical Change and Level of 
Technology in U.S. Manufacturing, 1919-1958 








Percentage Rate of Level of 
Year Technical Change Technology 
(decimals) (index numbers, 


1919=100.0) 


1957 .0088 251 
1958 0171 255. 


1919 100.0 
1920 .0495 105.0 
1921 .0559 110.9 
1922 .1429 126.7 
1923 - 0241 123.6 
1924 .0362 128.1 
1925 .0672 136.7 
1926 .0135 138.5 
1927 .0196 141.2 
1928 .0387 146.7 
1929 .0478 153.7 
1930 - .0304 149.0 
1931 .0046 149.7 
1932 -.0743 138.6 
1933 .0886 150.9 
1934 .0445 157.6 
1935 .0752 169.5 
1936 .0237 173.5 
1937 -,0123 171.4 
1938 -,0591 161.3 
1939 ~kkoe 179.9 
1940 .0568 190.1 
1941 .0687 203.2 
1942 .0452 212.4 
1943 .0491 222.8 
1944 -.0144 219.6 
1945 - 0507 208.5 
1946 -.1163 184.3 
1947 .0519 139.3 
1948 .0233 198.4 
1949 .0104 200.5 
1950 .0923 219.0 
1951 -,0145 215.8 
1952 .0112 218.2 
1953 .0436 227.7 
1954 .0088 229.7 
1955 .0726 246.4 
1956 .0121 249.4 

6 

9 
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respective coefficients of determination. The slope coefficients are all sig- 
nificantly greater than zero at the .01 level. Interestingly enough, the slope 
for the period as a whole is somewhat less than for any of the sub-intervals. 
This is because the technology has improved rapidly within each interval but 
has dropped discontinuously between periods.! The over-all trend, however, 
cuts across the various sub-periods, and consequently has a reduced slope. 
If we interpret the sub-period estimates of A as an indication of the potential 
rate of improvement in productive efficiency of the economy under conditions 
of peacetime full employment, then it is apparent how much is lost by factors 
which disrupt this “normalcy.” 

At first, one is impressed by the occurrence in some years of nega- 
tive technical change. This does not imply that the “state of the arts” has 
declined in any material sense; rather, there are several more plausible 
interpretations: (1) The index of technology, as defined in the model, is 
not precisely what the economist usually considers as technical knowledge. 

A backward slide in the production function can result from a diminished 
intensity of utlization of inputs; this may have occurred immediately after 
the war, for example, and during the early years of the Great Depression. 
(2) It is possible, too, that the neutrality assumption may be violated. If 
labor-saving innovations occur, then the increase in the capital-labor ratio 
will be more than proportionate to the rise in average labor productivity, 
possibly giving the appearance of a technological decline. (3) Another fac- 
tor to consider is that some investment might be for the purpose of building 
ahead of demand, and therefore does not result in a large immediate rise 
in output per manhour; instead, the increased output is spread out over a 
number of years. : (4) As mentioned above, the shift in the production 
function may be partly a result of returns to scale (i.e., reversible rather 
than irreversible changes). When output declines, one would expect this 
phenomenon to exert a downward force on the level of technology, possibly 
creating (or helping to create) negative technical change. (5) Still another 
explanation concerns imperfect measurement of the variables. This will 
be discussed in Section IV. 


As a measure of the relative contribution of technical change to 





1. This result is not surprising, considering the choice of periods. 
While this choice was arbitary, 1929 and 1946 seemed to mark natural 
dividing lines. The former divides the boom of the 1920's from the 
Great Depression, while 1946 separates the war from the peaceful 
prosperity characterizing the postwar period. 


2. See H. B. Chenery, “Overcapacity and the Acceleration Principle,” 
Econometrica, XX (January 1952), pp. 1-28. 
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TABLE 3 
Estimated Average Annual Rates of Technical Change (A) 
and Coefficients of Determination (R@) 
for Period 1919-1958 and Sub-periods 





Period A R2 
1919-58 .0210 931 
1919-29 .0408 .945 
1929-46 .0245 .783 
1946-58 .0273 .970 





rising output per manhour, we can use: ! 


(2.9) @ = 


where + is estimated by least squares from 


(2.10) &n(q) = Ey + Et 


l 
with q = output per manhour. 7, then, is the ratio of the percentage rate of 
change in technology to that in output per manhour. As indicated in Table 3, 
A for the period 1919-58 is .0210. &, is found to be .2505, so that m = .84. 


Thus, this essay concurs with eariier studies in attributing to technical 
change the major share of the past increase in the average product of labor. 


The share attributable to capital deepening is, of course, the remainder, or 
.16. 


3. A Disaggregated View of Technical Change? 
This section represents an attempt to extend the analysis of Section II 
by refining the catch-all technological change category to distinguish among 





several component parts. This is done by disaggregating to the SIC two-digit 





iP 
technical change to increasing productivity, see Herbert S. Levine, “A 
Small Problem in the Analysis of Growth,” The Review of Economics and 
Statistics, XLII (May 1960), pp. 225-28, and B. F. Massell, “Another Small 


Problem in the Analysis of Growth,” The Review of Economics and Statistics 
(forthcoming). 


For a discussion of alternative measures of the relative contribution of 








2. This section, with minor changes, was published in Journal of Political 


Economy, LXIX, No. 6 (December 1961). 
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industry level and considering the 19 industry groups within the manufacturing 
segment of the U.S. economy, for the period 1946-57. Disaggregation yields 
additional information regarding productivity change, e.g., revealing the dis- 
persion around the average of industry rates of technical change, thus indica- 
ting the extent to which shifts in the production function have been evenly 
spread throughout the manufacturing sector or concentrated in certain indus- 
tries. It also permits us to form an estimate of the importance of the aggre- 
gation problem. 


A Disaggregated Model 





Disaggregation enables a distinction to be drawn between the realloca- 
tion of resources among industries and the improvement of efficiency within 
industries; both factors contribute to the shift in the aggregate production 
function, although, strictly speaking, only the latter should be termed innova- 
tion in the usual sense. The model outlined above can be extended to express 
intraindustry improvements in the state of the arts as a weighted sum of the 
improvement factor for the individual industries. This component can be sub- 
tracted from aggregate technical advance, yielding an interindustry component 
residually. 

First, write the percentage rate of increase in output for industry i 


as follows 


Q A K I 
i i i 
3.1 —_— — +B — +(1-B.)— 
Q A, iK { ) L. 
i i i i 
Next, define 
I i K i 
Ww = , Ww _— 
i I j 


It then follows that 








I 2 W , 
( $) oe L + ot 
p ] I I 
i WwW 
l 
and 
K : N - 
(3.3) oie Bol 
K be IK 
] Ww 


Now, the aggregate percentage rate of increase in output is easily seen 


to be: 
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which can be written: 


3.4 o.% Se 
PT oa hee 


. . K 
WwW 
ul ee x.“ L 
(3.5) == Dm d—+8. /—>+—] +0 -B)/=+ 
Q Q 1A. "ilk K I 
l Ww. 
l 





Noting that: 


a + 


ey TAL 
iQ Py 


and that: 





Q; 
Rd Bias 1-2. 
zu Furs 
we can write, rearranging terms: 
' -K “J 
Q K I QA; Yi - 
3.6 =-B=—-(1 -8s=—-:2=—i— +B, +(1 -p,)—-— 
(9.9). Gore Page GR ene ae Pa rao A age 
l Ww. ™ 
l 


Noting that the expression on the left is aggregate technical change as given 
by (2.2e), it follows that: 


] 
where 
Q. A 
1 l 
3.8 .2=-=o_—_-—_—, 
(3.8) 7, "2G R, 
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» - 
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and where f; and f; denote, respectively, the marginal product of capital 
and of labor in industry i, and where the absence of a subscript denotes the 
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Let us look at these three terms. Y, can be regarded as intraindustry 
technical change. It consists of a weighted average of the rates of technolog- 
ical advance in the individual industry groups. In other words, this term re- 
sults from improvements in efficiency within the industry groups, and excludes 
improvements resulting from a reallocation of resources among industries. 

It thus represents innovation in the strict sense of the word. 

Subtracting Y) from aggregate technical change leaves us with inter- 
industry technical change, Yq + Ya arising from an interindustry shift of 
resources. Either labor or capital may shift from industries where its mar- 
ginal productivity is low to those where it is high, resulting in an improvement 
in aggregate technology over and above that attributable to improvements 
within the industry groups. This component of technical change is introduced 
by the process of aggregation, as can be seen from the following example. 
Suppose we view technical change as occurring in two stages. Inthe first 
stage, production functions are changed in some or all of the industries, with 
a resulting increase in output, but no inputs are permitted to shift among in- 
dustries. This will typically result in a disequilibrium situation. In the 
second stage, inputs are shifted among industries so as to restore equilibrium. 
This reallocation of inputs results in a further increase in output, over and 
above the direct increase achieved in the first stage. But, by assumption, 
there is no change in the techniques of production of any industry in the sec- 
ond stage; thus y,,* 0, for it consists of a sum of terms all of whose value 
is zero. If the aggregate quantities of factors are held constant, then, from 
equation (2.3), the second stage increase in output must appear as an improve- 
ment in aggregate technology. 

While the interindustry component is technical change as defined in 
equation (2.3), it should be possible to distinguish this from more basic 
changes in the technological structure of the economy, often referred to as 
“innovational” in nature. It is the latter which we would like to measure, 
but it is a mixture of the two which appears in our estimates. We can view 
the relative importance of the former component, i.e., interindustry tech- 
nical change, as a measure of the significance of the “aggregation problem” 
since it indicates what fraction of aggregate technical advance results from 
the process of aggregating over industries. In other words, the macro vari- 
ables in the model are not exact counterparts of the corresponding micro 
variables. 

It should be noted that even the intraindustry component of technical 
change is not really “pure.” The present section considers disaggregation 
to the SIC two-digit industry level. Further disaggregation to, say the four- 
digit level, would result in a further separation of Y into three components, 
as in equation (3.7). This process could, of course, be continued to the 
point at which we have observations on the technological structure of the in- 
dividual firm, or even plants within a firm. We would undoubtedly find that 
at each level of aggregation, terms corresponding to our interindustry tech- 
nical change would enter the relationship. 


322 


YALE ECONOMIC ESSAYS 


While such a study might be desirable, it should be pointed out that 
the limitations of the model presented in equations (2.1)-(2.4) make such 
disaggregation inadvisable. In particular, assuming the neutrality of shifts 
in the production function appears somewhat tenuous at any level of dis- 


aggregation beyond that considered in the present paper; some may question 
it even here. 


Interindustry Technical Change 

The movement of factors among industries can be identified as a mani- 
festation of a dynamic adjustment process. Without specifying additional be- 
havioral equations, it is not possible to describe the nature of this adjustment 
in any great detail. It almost certainly comprises a complex set of forces 
operating simultaneously to produce the resultant observable effect. At least 
three distinct types of forces can be enumerated: (1) The reallocation of re- 
sources during the period may, to some extent, represent a long, continuous 
process of readjustment to an initial disequilibrium. (2) Alternatively (or 
additionally), the shifting of resources may represent a process of adjust- 
ment to a continuously shifting equilibrium position. (3) Finally, to the ex- 
tent to which it is labor that does the shifting, it may merely be a manifesta- 
tion of interindustry differences in the “quality” of the labor force. Each of 
these will be considered briefly. 

According to the first explanation, a certain degree of disequilibrium 
existed at the beginning of the period. The return to either capital or labor 
(or both) was higher in some industries than in others, and the resource 
moved towards those uses with the higher returns. The process of adjust- 
ment, however, may have occurred gradually throughout the period rather 
than instantaneously, 1 the same industries continuing to receive resources 
while other industries continued to lose resources. In this case, the rank- 
ing of industries on the basis of marginal productivity would not have varied 
significantly during the period, although the extent of the discrepancy would 
have been reduced. According to this explanation, Yo + ¥3 > 0 implies a 
real improvement in the efficiency of resource allocation during the period. 

The second explanation of interindustry technical change hypothesizes 
a dynamic process of adjustment to an equilibrium which itself was shifting 
during the period. Thus, in this case, there need be no secular improvement 
in allocative efficiency in the sense implied above. Either of three forces 
can disturb the equilibrium. First, changes in the pattern of demand may 
change the relative values of the goods produced by the various industries, 
resulting in interindustry differentials in the wage rate or return to capital. 
Alternatively, differential rates of technical change may increase the re- 
turns to factors in some industries relative to others, again creating an 
impetus to factor mobility. Finally, an interindustry discrepancy in mar- 
ginal productivities of factors could also result from random shocks affecting 











1. This might result from institutional barriers to short-run factor mobility. 
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each industry's output, and the adjustment occasioned by this phenomenon 
would appear as interindustry technical change even though it did not represent 
a real gain to the economy. Such random variability in industry output will 
also result in an overstatement of aggregate technical change, as calculated 

in Section Il, and can thus be regarded as another component of the aggrega- 
tion problem. For example, if each industry’s production function is subject 
to a random disturbance, we would have 


(3.11) Q A.(t) f.(K., L.) u(t) , 
l l l l l l 

where u is stochastic. (Note that u must enter the relationship multiplica- 

tively in order for the operations in equation [3.2] to be performed.) Now, if 

E(u) 1, and if E(u (t) u(t)] = 0 and E[u,(t) u.(t-1)] = 0, then intraindustry 

technical change would be unaffected by the substitution of a stochastic pro- 

duction function for an exact one, 

The third explanation of interindustry technical change centers on the 
heterogeneity of labor. Because equations (2.1)-(2.4) implicitly assume a 
homogeneous labor force, it is apparent that any real interindustry difference 
in the average skills and abilities of the workers will appear as a difference 
in the technology levels of the industries in question, The marginal produc- 
tivity of more highly skilled labor will exceed that of less skilled workers, 
and there will be a corresponding difference in the wage rates. If some in- 
dustries tend to employ higher quality labor, then the average wage paid by 
these industries will also be higher. Now, to the extent that labor moves 
into higher paying industries, this movement will show up as interindustry 


technical change. This is, of course, a form of technical change, broadly 
defined; but, more precisely, it results from an increase in the quality of 
the labor force. That is, by learning new skills, a worker is enabled to 


move to a better job (perhaps in a new industry) where he will receive greater 
pay to compensate for his increased marginal contribution to output. This 
improvement in labor force quality, to the extent that it is manifested in 
interindustry mobility, is going to be included in the Section II measure of 
technical change, l 





1. One may question the consistency of interindustry disequilibria with the 
above assumption that factors are competitively priced in the large. In 

this regard, the present section can be viewed as an application, at the in- 
dustry level, of assumptions previously made for the aggregate. It is 
certainly legitimate to ask whether the assumed competitive pricing of 
factors in each industry implies, as a result of the empirical work per- 
formed below, that aggregate factor markets are not perfect. This, in itself, 
should be of some interest, if only as an empirical test of one of the assump- 
tions underlying the earlier analysis. 


However, I feel that the presence of interindustry technical change is 
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Empirical Results 





The initial step-was to calculate, for each industry, the percentage 
rate of technical change, A;/A;, for each year of the interval 1946-57. 
Next, the technology level for the initial year in each industry was arbitrar- 
ily set equal to unity, and the technology levels for the following years were 
expressed as index numbers, employing equation (2.4). For this procedure, 
annual observations were needed on output, manhours worked, capital input, 
and property’s share of the product, as in Section II. 

As a measure of each industry’s output, we used the Federal Reserve 
Index of Industrial Production.! This procedure raises the question as to 
how industry outputs can be summed to obtain aggregate output, needed for 
the calculation of y,; . To surmount this difficulty, each industry’s output 
series was weighted by the value added in the industry in 1954. 2 Thus, if 
the ratio of external purchases to total output remains constant for each in- 
dustry, as assumed above, this procedure amounts to using as weights the 
relative prices of the output produced by the industries. As in any construc- 
tion of an aggregate output series, it is assumed that these relative prices 
remain constant. %» 

But, one may ask, if relative prices remain constant, then how is 
equilibrium restored? If the marginal productivities of labor and capital 
were higher in one industry than in others, and if the production function 





consistent with the earlier assumption if this assumption is re-interpreted. 
For example, there may be institutional barriers to interindustry resource 
mobility in the short run, whereas, in the longer run, the barriers can be 
surmounted, at least in part. Certainly the short-run heterogeneity of labor 
is one manifestation of this. Then, in each industry, factors may contin- 
uously be competitively priced, but the allocation of factors among indus- 
tries will be nonoptimal. The aggregate 8 must then be interpreted as a 
weighted average of the industry 8’s. One cannot, in this context, speak 

of the marginal productivity of a factor in the aggregate, except as a form 


of average. 


1. U.S. Department of Commerce, Business Statistics (U.S. Government 
Printing Office: Washington, 1959), pp. 8-10 





2. National Industrial Conference Board, Economic Almanac (New York 
Crowell, 1958), p. 190. 





3. Thus, an increase in an industry’s index of production will be re- 
flected in the aggregate as an equal percentage increase in the industry’s 
value added, 


4. Aggregate technical change, calculated on the basis of this measure 
of aggregate output, does not differ materially from the measures pre- 
sented in Section II. 
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were linear homogeneous (as assumed), then an interindustry shift of factors 
would not correct the discrepancy in factor returns, and factors would con- 
tinue to shift until they were all in one industry. However, one would expect 
that as the output of the progressive industry rises, its price would decline 
such that the marginal value productivities would begin to decline, restoring 
equilibrium. 

If price changes are admitted, how is our analysis affected? For one 
thing, prices are likely to fall in industries which experience a rapid rate of 
technical change. Hence, industries which have had the most rapid technical 
change during the period will have lower end-of-period prices (relative to 
initial prices) than less progressive industries. By using mid-period (1954) 
weighting, our procedure thus tends to understate interindustry technical 
change for early years and overstate it for later years. The reverse holds 
for the components of interindustry technical change. 

Turning to the other variables, labor input was measured in manhours, 
as in Section II, using Department of Commerce data. 1 Persons engaged in- 
cludes the labor time of self-employed persons as well as employees. Prop- 
erty’s share was obtained by subtracting from unity the ratio of labor income? 
(including an imputed share for the self-employed)? to net income originating 
in the industry. 4 

Regarding capital input, it was assumed that the proportion of “physi- 
cal” capital in each industry was equal to the industry’s share of book value 
capital. The latter was obtained from Treasury data on corporations, ° was 
adjusted to allow for non-corporate capital, 6 and was subsequently multiplied 
by the ratio of physical capital to book value capital in manufacturing as a 
whole. The Section II data, adjusted for idle capacity, were used for the 
physical capital series. 

Hypothesizing that A;(t), the level of technology in industry i at 
time t, can be approximated by an exponential function of time, the following 





1. U.S. Department of Commerce, U.S. Income and Output, op. cit., p. 214; 


Business Statistics, op. cit., pp. 67-69 (1956-57 data are taken from the re- 
vised series appearing in Survey of Current Business, July 1959). 


2. Commerce, U.S. Income and Output, op. cit., p. 200. (For 1956-57, 
see footnote 1 above.) 














3. Employee compensation was multiplied by the ratio of persons engaged to 
employees. 


4. Commerce, U.S. Income and Output, pp. 130-31. (For 1956-57, see foot- 
note | above.) 


5. Difference of gross capital assets (including inventories) and accumu- 
lated depreciation reserves. U.S. Treasury Department, Statistics of 
Income, 1947-57 (Washington: U.S. Government Printing Office). 

6. 








By multiplying by the ratio of total sales to corporate sales. 
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equations were fitted by least squares: 


(3.12) fn [A(t)] = a, + Ast i, sos, M8 


The estimated values of A are presented in decreasing order in Table 4, to- 
gether with the respective coefficients of determination (R2), indicating how 
close a fit is provided by an exponential approximation, 

As would be expected, for the most rapidly improving industries, a 
large proportion of the variation in £n(A) is explained by time, whereas R2 
is below .600 in five of the seven least progressive industries. It is comfort- 
ing that A is positive for all industries, and not suspiciously large for any. 
Aside from this, the degree of dispersion is evidence that the percentage rate 
of improvement in technology has certainly not occurred evenly throughout 
the sector. 

As a check on this procedure, the ratio, w, of end-of-period tech- 
nology to beginning-of-period technology was computed for each industry; 
the ordering based on w was compared with that based on A, and Spearman’s 
rank correlation coefficient was computed. The value of Spearman’s coeffi- 
cient was found to be .68, with a standard error .24, for a sample of size 19. 
If Spearman’s coefficient is assumed to be normally distributed for a sample 
of this size, then there is a significant positive correlation between the two 
orderings at the .01 significance level, employing a one-tailed test. 

At first glance, one is perhaps surprised to find lumbering at the top 
of the list in Table 4, and primary and fabricated metal products at the bot- 
tom. (Ranking on the basis of w confirms these results.) The peculiarity of 
these results could be an indication of non-neutral technical change in these 
industries. For example, were technical change predominantly capital- 
saving during the period, the rate of technical change would be overstated by 
the procedure employed here. On the other hand, labor-saving improve- 
ments in technology would tend to give a downward bias to the measure of 
technical change; this may have been the case in the metal industries. An- 
other explanation for the unexpected results may be a bias in the measure- 
ment of capital. Book-value capital, duly adjusted, is used as a measure 
of capital input. But, if an industry experiences a decline during the period 
in the ratio of employed capital to book-value capital (as a result, e.g., of 
increasing idle capacity), the rate of technical change will be understated 
accordingly. 

The next step was to calculate interindustry and intraindustry tech- 
nical change. Table 5 summarizes the results of this procedure, ! Intra- 
industry technical change, shown in Column 1, reaches a high of .036 in 
1954 and a low of .002 in 1952. These correspond to the high and low years, 





1. Because of shortcomings in the data, it was necessary to drop the years 
1946-48. Moreover, the resulting figures were converted to 3-year moving 
averages, with a consequent loss f two additional years, 1949 and 1957, 
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TABLE 4 


Estimated Average Percentage Rate of Technical Change (A), 


Coefficient of Determination (R2), Initial Technology 
Level (A) and Average Value of Property’s Share (8) 
in Manufacturing Industry Groups 





Industry Groups 





Lumber and wood products 
Electrical machinery 
Chemicals and products 

stone, clay, and glass products 
Printing and publishing 
‘ransportation equipment 

Pulp, paper and products 
Machinery, except electrical 
Petroleum and coal products 
Textile mill products 

Food and kindred products 
Leather and leather goods 
Rubber products 

Furniture and fixtures 
Instruments and related products 
Apparel and related products 
Tobacco manufactures 

Primary metal products 


Fabricated metal products 
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d R¢ A (1949) B 
0377 .860 .754 169 
0369 .821 1.286 221 
0346 926 1.447 393 
0248 890 1.291 275 
0244 886 1.817 158 
0239 .857 1.525 273 
0234 .773 1.450 303 
0197 .927 1.538 212 
0189 702 432 557 
0159 837 954 164 
0141 .932 1.667 230 
0106 .604 1.185 116 
.0098 369 1.557 221 
.0097 .767 1.176 .142 
.0097 546 1.528 221 
0086 .861 1.259 091 
.0078 408 794 532 
0043 .046 1.451 .268 
.0025 025 1.498 .170 
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respectively, for the aggregate, shown in Column 2. The latter, however, is 
more stable, so that the ratio of the two, shown in Column 3, is subject to 
large fluctuations, between .13 in 1952 and .90 in 1954. Interindustry tech- 
nical change is rather more stable, fluctuating between .0040 and .0145. 

While some interest attaches to the annual fluctuations in these vari- 
ables, their mean values for the period as a whole are, perhaps, more in- 
teresting. The arithmetic mean of the annual rates of technical change for 
the period was .028, while the average intraindustry change amounted to .019. 
The difference, .009, accounted for 32 per cent of the total, a surprisingly 
high figure. Thus nearly one-third of the technical change resulted from an 
interindustry shift of resources. As Section II attributes 84 per cent of the 
increase in output per manhour to changes in technology, these new results 
Suggest that approximately one-fourth of the increase in average labor pro- 
ductivity may have resulted from a shift of resources among industries. 

As noted above, interindustry technical change can result from the 
movement either of capital or of labor from industries where its marginal 
product is low to those where it is higher, corresponding to yp and y., 
respectively. These two components appear in Table 6. ya, shown in 
Column 1, varies between .004 in 1954 and .0027 in 1951. yo, which appears 
in Column 4, fluctuates between .0032 in 1950 and .0140 in 1953.! The ratio 


of Y. to total interindustry change, Column 3, varies between .03 in 1953 
and .27 in 1950, with a mean value of .14. The mean value of y. is .0012 
as compared with .0075 for yo. Thus, shifts of labor accounted for only 
about one-seventh of the total interindustry shift of resources, the remain- 
der being attributable to capital mobility. This fact has particular signif- 


. 9 
icance when we recall that y. includes labor force quality improvement. “ 


Interindustry Gap 





The data indicate a high degree of resource mobility during the 
period 1950-56, particularly with regard to capital. One might ask whether 
this has influenced the rates of technological advance of the various indus- 
tries. In particular, it might be interesting to inquire whether there has 
been a narrowing of the dispersion among industries with regard to the 
level of technology. Or, on the contrary, have the best grown better while 
the less technologically developed industries lagged behind? 





1. One might expect y. to have been positively correlated with the dis- 
persion of the rates of return to capital, but it turns out that this was not 
so. A regression of yj against of K, the variance of the *, was not 
significant. However, this may be due in part to the relative constancy 
of of K during the period. 


2. In other words, if part of the interindustry technical change resulted 


from a shift of labor to more highly skilled jobs, then labor mobility as a 
response to disequilibria must have been less than 14 per cent of the total. 
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lo answer these questions, however, the notion of an absolute level 
ff technology must be defined. Measures of the technology level of indus- 
tries have thus far been expressed only as index numbers, with the initia] 
year in each case set equal to unity. To permit interindustry comparisons 
of the technology level, it is necessary to make an additional assumption, 
that the production possibilities open to each industry can be charac- 
terized by a Cobb-Douglas function (though the parameters need not be the 
same for any two industries). Specifying the form of the function, together 
with the set of assumptions made above, enables rewriting (2.1) 





3 1-6 
(3.13) Q(t) = A(t) K(t) L(t) — , 
where the subscript designates the industry. If (3.13) is solved for A, the 
Q.(t) 
( +) A(t) > 1-2 
i 
K.(t) L(t) 


Assuming the production function to be a Cobb-Douglas implies that the ratio 
of capital’s marginal product to its average product remains constant re- 
gardless of the point on the curve at which the industry is operating; more- 
over, for the neutrality assumption to be satisfied, the curve must be shift- 
ing isoelastically, so that the capital coefficient is invariant with respect to 
time. Consequently, it is necessary to reinterpret the earlier assumption 
of competitive pricing in factor markets to imply not that each year’s value 
of property’s share is an estimate of the coefficient for that year, but that it 
is an estimate of the unique coefficient (i.e., unique for each industry) which 
we shall take to be the arithmetic mean of the observations, that is, 


T 
l 
(3.15) 6 T Zz 8B.(t) 
t=1 


The 8’s are shown in Column 4 of Table 4. 

Having defined the notion of absolute technology, one can compare 
industries on this basis (see Table 4, Column 3). The level of technology 
of an industry is partly a reflection of both the state of the arts existing in 
the industry and the extent to which firms are using the most efficient tech- 
niques. Partly too, though, it is affected by the elasticity of demand for the 
industry’s products. For if an industry has had rapid technological progress 
in the past, then the extent of the price decline occasioned by this will in- 
fluence the value of A;. Of two industries with the same technological pos- 
sibilities, the one with the greater monopoly power is likely to have a higher 
value of Aj, due to its ability to squeeze greater-valued output from its in- 
puts. Even if all industries were perfectly competitive, though, there would 
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be no reason to expect A 
By = B;.! 

If interindustry dispersion in the technology level is measured as the 
variance of A, then a comparison of the variance at the beginning of the 
period with that at the end of the period will indicate whether the gap among 
industries has grown wider or more narrow. An F-test can be used to test 
for the significance in the difference between the two variances, letting the 
F statistic equal the ratio of end-of-period variance to beginning-of-period 
variance. A value of F significantly less than unity indicates that the gap 
has narrowed, while if F significantly exceeds one, it is evidence of a widen- 
ing of the gap. A two-tailed test is appropriate. 

The variances were computed and the F ratio was found to be 
F 1.33 where there are 18 degrees of freedom both for numerator and de- 
nominator. This value of F is not significant at the .05 level, thus there is 
no evidence of a change in the dispersion of industries with respect to their 
technology coefficients. 


Ve, Aj, for all i and j, unless we also have 


A somewhat different test consists of regressing A, the estimated 
average annual rate of technical change, against A(t;), the initial technology 
level, again using a two-tailed test. This shows whether there is any con- 
nection between the industries which experienced the most rapid technolog- 
ical advance during the period and those with the highest initial technology 
coefficient. The results of this regression are (with the t-ratio in paren- 
theses): 


ah = .036 - 014 A(t,) 
(-.52) 


The slope coefficient is not significant at the .05 level, suggesting the ab- 
sence of a relationship between an industry’s technology level and its rate 
of technological advance. 


9 
4. Interaction Between Technical Advance and Investment 
The question arises as to whether anything like the observed expan- 
sion in output per manhour would have occurred in the absence of capital 








1. A. is not a simple measure of valued output per unit value input, 
i 


which would be l 





2. This section, with minor changes, appeared in Metroeconomica, XIV, 
Nos. 1 and 2 (1962). 
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formation.! Although much technical improvement consists of organizational 
changes in the means of combining existing factors and does not require addi- 
tional inputs, a substantially greater proportion of technological developments 
is probably embodied in new capital goods. Hence there is strong reason to 
believe that the rate of innovation is influenced by the rate of capital forma- 
tion. Probably a more direct relationship can be found between changes in the 
technology and gross investment, for innovations are frequently incorporated 
in capital items which represent replacements of existing plant and equipment. 
Therefore, even in the absence of net investment, there can be a rapidly im- 
proving technology as long as obsolete items are being replaced by more mod- 
ern ones. : 

This is not to deny the significance of the distinction between a move- 
ment along a fixed production function and a shift from one curve to another. 
One must grant that such a separation of causal forces is meaningful unless 
he is prepared to abandon the production function concept altogether. But 
visualizing the growth process exclusively in these terms has the disadvan- 
tage of obscuring the interrelationship between the two sources of produc- 
tivity increase. An additional question that might be asked is, how much of 
the observed rise in output per head would have occurred in the absence of 
capital formation? Suppose a distinction is made between “autonomous” and 
“induced” shifts in the production function. The former can occur without the 
aid of investment, while the latter require new plant or equipment expend- 
iture as a vehicle. Determining the interaction between investment and tech- 
nical change amounts to estimating the relative significance of these two 
varieties of technical change. 


A Generalized Model 

Induced innovation can be viewed as occurring in two stages. First, 
a new technique is invented and adopted by a limited number of firms (pos- 
sibly only one), and second, the new process becomes more widely known 
and diffuses throughout the industry. But the flow of inventions to a society 
is a continuous process; new techniques are constantly being developed, so 
that the methods which are most effective today may become obsolete by 
tomorrow. What one sees at any point in time is an array of processes 








1. This issue is discussed in my “Investment, Innovation, and Growth,” 


Econometrica, 30 (April 1962), pp. 239-52. See also Leif Johansen, “Sub- 
stitution Versus Fixed Production Coefficients in the Theory of Economic 
Growth: A Synthesis,” Econometrica, 27 (April 1959), pp. 147-76; and 
Robert Solow, “Investment and Technical Progress,” in Mathematical Meth- 
ods in the Social Sciences, K. J. Arrow, S. Karlin, and P. Suppes, editors 
(Stanford: Stanford University Press, 1959). 














2. While it may be objected that equipment can often be improved through 
modification, without necessitating replacement, it should be clear that such 
modification is almost certain to involve investment. 
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existing simultaneously, representing a continuum of technologies. Not only 
will the level of technology vary among firms, but there is likely to be some 
heterogeneity within a single plant as well. 

It seems reasonable to suppose that nearly all additions to the capital 
stock will incorporate the latest (or nearly the latest) know-how, so that a 
firm which has just expanded its facilities or renovated its plant can be de- 
scribed as operating along a “best-practice” production function, at least with 
regard to the new installation. 1 The technology associated with a complex of 
capital will be a function of the year in which the items were built, and this 
will be a non-decreasing function of time (assuming technological knowledge 
does not deteriorate). In other words, each vintage of capital is a different 
input, and while there is a common denominator by which the entire stock 
can be aggregated, it should be recognized that more recent vintages repre- 
sent a higher level of know-how, and hence are more productive than their 
forebears. 

As the state of the arts continues to improve, the relative position of 
a firm with a given vintage of capital (and the technique associated with it) 
will deteriorate, i.e., in George Terborgh’s words, the equipment will de- 
velop “operating inferiority” relative to the most recent models. 2 Were all 
firms to adopt new processes instantaneously, then the best-practice tech- 
nology would prevail throughout the industry and would be the same for each 
firm. In fact, however, firms do not continuously maintain the most modern 
level of technology. Because it is uneconomic to scrap existing equipment 
each time a modification is introduced, there is a lag between the invention 
or discovery of a technique and its widespread usage. 3 





1. The distinction between best-practice and average production functions 
appears in a paper by Anne Gross, “The Technological Structure of the Cotton 
Textile Industry,” in Leontief, Studies in the Structure of the American Econ- 
omy (New York: Oxford University Press, 1953). See also K. Maywald, 
“The Best and the Average in Productivity Studies and in Long-Term Fore- 
casting,” Productivity Measurement Review, 9 (May 1957). 








2. See George Terborgh, Dynamic Equipment Policy (New York: McGraw 


Hill, 1949). 





3. The length of this lag is determined by several considerations. From 
the point of view of the firm, the relevant consideration is the cost of pro- 
ducing a given output with its existing equipment, as compared with the cost 
of producing the same output with best-practice equipment (including the 
purchase price). The cost differential between new and old equipment is a 
function of both deterioration and obsolescence; of course, obsolescence, in 
turn, is determined by the rate of change in the best-practice technology. 
The best-practice technology thus influences the actual technology, not only 
by determining the efficiency of new capital goods at each point in time, but 
also by influencing the replacement policy pursued by firms. One would 
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Now the actual level of technology of an industry will consist of a 
weighted average of the technologies associated with the individual firms. 
If each firm’s technology represents what was (or is) a best-practice tech- 
nique, then the industry level will be an average of the best-practice tech- 
niques associated with all the vintages of capital which are represented; only 
one of these (this year’s) is still best, however. The weight of each technique 
in the average depends on the amount of capital which incorporates it. In 
other words, the proportion of the total stock which consists of vintage x de- 
termines the weight attached to technique x in computing the average effi- 
ciency of the industry. The quantity of vintage x is a functipn of investment 
in the interval during which this vintage was best (subtracting from this the 
amount of vintage x which has been withdrawn from service). 

This provides a framework for a theory of technical change. The 
level of technology prevailing in an industry, i.e., the average level, will 
be determined by the various individual technologies and the weights attached 
to each; that is, it will depend on the state of the arts in each of the preceding 
years and how much investment took place in each year (deducting capital 
which has been scrapped), relative to the total stock. At an accelerated rate 
of invention, each vintage will be better than it would have been at a slower 
rate, so that the average will be correspondingly better. But, additionally, 
if the age composition of the capital stock is shifted such as to favor newer 
types, the average will be improved even though none of the individual tech- 
nologies has been changed. This leads to the conclusion that, following a 
period of greater than average investment, the capital stock will be heavily 
weighted with new vintages, and for this reason the average quality will be 
raised. 


If A(t) is expressed as an exponential function of time, then the 





think that a more rapid rate of improvement in the state of the arts would 
provide an incentive for capital goods producers to shorten the intended 
durability of equipment. [If it is uneconomic to operate a machine for 
more than 10 years, then why build one to last for 20? Short-lived assets 
could be replaced by more efficient ones whenever new developments in 
the technology occurred, at a smaller cost to society, assuming that a 
less durable good costs less to build. Indeed, this factor could, in turn, 
result in a decline in the optimal service life. Note, however, that there 
are likely to be “economies of durability” in the production of capital 
goods; i.e., while the cost of an asset may well be an increasing function 
of the durability built into that asset, one would expect the second deriva- 
tive to be negative, so that, e.g., doubling the intended service life would 
less than double the cost. On this point, see R. C. Blitz, “Capital Lon- 
gevity and Economic Development,” American Economic Review, XLVIII 
(June 1958), pp. 313-22. For a somewhat different consideration, cf. 

A. S. Manne, “On the Timing of Development Expenditures and the Re- 
tirement of Military Equipment,” TEMPO SP-88. 
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preceding discussion would seem to suggest that there is a positive relation- 
ship between residuals from the technology trend and the ratio of gross in- 
vestment to capital input in the immediate past. ! The extent of this relation- 
ship can be taken as an indication of the importance of induced innovation, 
while the remaining part of technical change can be considered autonomous. 

Another way to view this relationship is in terms of two new concepts: 
the average marginal productivity of capital (AMP) and the marginal marginal 
productivity of capital (MMP). The AMP is the relevant concept when homoge- 
neity of capital is assumed. It is the marginal contribution to output of a unit of 
capital with the same efficiency as existing assets. If capital is heterogeneous, 
then AMP applies to capital whose efficiency is an average of the efficiencies 
of existing assets. Contrasted with this, MMP is the marginal contribution of 
a unit of new capital, taking account of the superior technology associated with 
with this new asset. If capital is homogeneous, MMP and AMP are identical; 
otherwise, MMP will exceed AMP. In other words, a dollar’s worth of new 
machinery will produce more than a dollar’s worth of average machinery. 

The model presented in Section II was based on the AMP notion of 
marginal productivity, and the indices of technology were derived on this 
basis. Now, however, the question is being asked as to whether AMP does 
not understate the contribution of investment to increases in productivity. If 
nnovations are embodied in new capital goods, the increase in output result- 
ing from a unit of investment will instead be given by MMP. [If this is the 
case, the deviations from trend in the level of technology (as estimated by the 
Section II model) will be positively correlated with the investment-capital 


Further, it might be hypothesized that the strength of the association 
between these two variables diminishes over time, i.e., the contribution 
made by investment of x years ago is greater than that of x +1 years past. 
The most recent investment, then, can be expected to have the greatest 
effect, but all investment is taken into account. The level of technology will 
deviate positively from its trend following a period of high investment (rela- 
tive to the capital stock), while residuals will be negative following a group 
of low-investment years. 

Now, if we assume that the level of technology can be expressed as 
an exponential function of time, as in Section II, we can write, 


(4.1) fn A(t) a@+ At + u(t) 


, 


where u = the residual. The above discussion suggests that u(t) can be ex- 
pressed as a distributed lag, 

2 
(4.2) u(t) = Co + 2 + fn I(t - i) 

i=1 





1. Using deviations from the trend in A(t) amounts to the same thing as 


using A(t) as the dependent variable and time as an additional independent 
variable. 
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where I = the gross investment-capital stock ratio. The dependent variable 
is influenced by all investment, but the coefficients decrease as i increases, 
expressing the fact that the effect of a unit of investment varies inversely with 
the length of the lag. A special form of lag is the Koyck distributed lag, 

which specifies that after a certain point, m, the relationship can be described 


by a decaying geometric series. l if equation (4.2) is assumed to be of this 
form, with m = 0, it can be rewritten 

* * 

. l , 
(4.3) u(t) . FF Zn fn I(t - 1 - i) 

¥ i=0 
where 
0 nN l 


It is well known that a distributed lag of this form can be expressed as a 
one-period lag. * Subtracting nu(t - 1) from u(t), one finds that 
(4.4) u(t) C (1 - n) + Cu(t - 1) + FF fn I(t - 1) 
O 
Next, substituting into (4.4) the value of u(t) given by (4.1), and simplifying, 


(4.5) fn A(t) = on + ct > ¢. fn A(t - 1) + S, fn I(t - 1) 


where 
! 
C =(l-n)\(@a+C)t+aAn 
oO oO 
! 
q = A(l - n) 
! 
i. * 8 
1 
G3 ~ $y 


The parameters in equation (4.5) can be estimated and solved ina 
straightforward manner to obtain the original coefficients. This procedure 
enables estimation not only of the influence of the immediately preceding 
investment on the level of technology, but also of the rate of decrease of 





1. L. M. Koyck, Distributed Lags and Investment Analysis (Amsterdam: 
North Holland Publishing Co., 1954). See also Marc Nerlove, Distributed 
Lags and Demand Analysis for Agricultural and Other Commodities, U.S. 
Department of Agriculture Handbook No. 141 (Washington: U.S. Govern- 

ment P--inting Office, 1958). 








) 


2. See Koyck, op. cit., and Nerlove, op. cit. 


338 





YALE ECONOMIC ESSAYS 


this influence over time, assuming that this can be approximated by a decay- 
ing geometric series. Moreover, it offers the advantage of enabling one to 
relate the level of technology to the total amount of investment during an in- 
terval. | 

It is not necessary to restrict oneself to a single explanatory variable, 
and the inclusion of others, if they add to the significance of the regression, 
may provide a more complete explanation of productivity change. One dis- 
tinction which might prove useful is that between expenditure on structures 
and that on equipment. Fortunately, capital expendi‘ure is broken down into 
these two categories (in addition to inventory change) by the U.S. Department 
of Commerce, and while there is undoubtedly some arbitrariness in this 
bifurcation, the underlying concepts seem relatively clear in most cases. In 
general, one would not expect the technology-improving effect of a dollar’s 
worth of building to be equal to that of an equal amount of machinery; one 
would think the former would be decideely inferior as a vehicle for improve- 
ments. Yet, although new techniques of production are usually associated 
with machinery rather than with structures, it is not obvious that the former 
will prove more strongly correlated with shifts in A(t). A firm may make 
routine, year-to-year improvements within existing facilities, incorporating 
the new designs in more modern types of equipment. Provided the modifica- 
tions are of a minor nature, they will not, perhaps, necessitate vacating the 
plant. But the more drastic changes in the production function are likely to 
require scrapping the existing arrangement in its entirety and moving to new 
quarters within which the new processes can be installed. If this is the way 
in which innovations occur, 2 the more radical refinements in the state of the 
arts will be accompanied by expenditure on plant in addition to that on equip- 
ment, and the coefficient associated with the former may well exceed that 
associated with equipment expenditure. 

Employing the finer classification of investment, equation (4.5) can 
be rewritten 


* * * * x 

6 , = + + E- f) +e t- 1) + QnI (t- 1), 
(4.6) &nA(t)= ¢ + Ot +o, tnA( ) +O, fnt ) + §, fnt ( ) 
where I. and I. denote expenditures on equipment and structures, respec- 


tively, divided by the capital stock. 





1. There is some possibility of an identification problem here. The fact 
that investment is lagged behind technical change reduces the likelihood 
of this difficulty, but does not eliminate it, particularly if there is 

serial correlation in either the investment or the technical change 
series. 


2. This hypothesis was suggested to me by Professor Ingvar Svennilson 


(in a conversation). 
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Empirical Results 
For the dependent variable, the Section II calculations of A(t) were 
ised for the period 1919 to 1958. For the independent variables, expenditure 





»#y manufacturing firms on equipment and structures, respectively, for the 
years 1918 to 1957! were divided by the Section II capital stock figures, ad- 
justed for idle capacity. 
rhe estimates of the coefficients in equation (4.6) are presented below, 
with the t-ratios in parentheses, below their respective coefficients. 
f{nA(t) 103 + .068t + .631 @nA(t - 1) + .005 fnI_ (t - 1) - .050 fnI (t - 1) 
d - 


(2.68) (5.43) (.05) : (-.82) 
* * 

The coefficients, ¢. and €., can be interpreted as indicative of the effect 
on the level of technology of a hypothetically higher rate of expenditure on 
equipment and structures, respectively, at a given point in time. P zither of 
these coefficients is significantly different from zero at the .05 level. 

Turning to the other estimates, it is readily seen that + , the coeffi- 
cient of time, is significantly positive at the .01 level. The coefficient of 
én A(t - 1), ¢ 


it would have indicated that the model was incorrectly formulated: the dis- 


, 
* * . 
», iS also positive and significant at .01. Had (, been negative, 


tribution of the lag must be positive. 

The results do not lend support to the hypothesis that investment has 
acted as a vehicle for improvements in the technology. In view of this, I 
have estimated the coefficients in equation (4.5), where investment is not 


idbdivided. The results are 


(nA(t) 123 + .069t + .649 fnA(t - 1) - .058 &ni(t - 1) 
(2.78) (5.82) (-.94) 


The estimated coefficients for t and (nA(t - 1) are not materially different 
here than in equation (4.6), either regarding value or statistical significance. 
Both coefficients are significantly greater than zero at the .01 level. The 


coefficient for investment again fails to be significant at the .05 level, how- 


ev eér’. 


Interpretation of the Results 
The preceding results could be advanced as evidence that there is no 





positive relationship between improvements in the technology and capital 
expenditure, and consequently that the induced component of technical change 
is non-existent. In this case, the role of investment in the growth process 
has been as unimportant as was suggested by the earlier studies. This is 

by no means a necessary conclusion to be drawn, and an alternative 





1. Lowell J. Chawner, “Capital Expenditures for Manufacturing Plant and 
Equipment—1915 to 1940,” Survey of Current Business, XXI, No. 3 (March 
1941), p. 10; U.S. Department of Commerce, U.S. Income and Output, 

p. 216. Expenditures were deflated and expressed in 1954 dollars. 
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explanation, in fact, appears more reasonable. Consider equations (4.1)—(4.6). 
What do they really imply about the process of innovation? It might be well to 
recollect that the measure of technical advance discussed in Section II involves 
a subtraction of the first difference of the capital stock (duly weighted and ex- 
pressed as a ratio of the total stock) from that of output for the same year, 
thereby implying that all of the net capital formation results in increased ca- 
pacity immediately. To the extent that the expansion in capacity fails to ma- 
terialize until subsequent periods, the data will indicate an increase in the 
capital stock unaccompanied by a corresponding rise in output (more precisely, 
an increased deepening without a rise in productivity). This results in an 
understatement of the shift in the production function for the period in ques- 
tion. This effect is likely to be highest when investment is greatest, so that 
any positive relationship between the two variables would be obscured. That 
is, a higher level of investment may lead to a larger understatement of the 
level of technology. 


“hig Ac 
One way to test this newly proposed hypothesis is to regress =4 


q 
against yy . From equation (2.3a), by rearranging terms, one can write 
~ Ac AA Ak 
(4.7) =+4-=-—i2=— 
q A k 


Differentiating (2.8) with respect to time results in 


ASA 


> 


(4.8) 


Substituting (4.8) into (4.7), 





Aq Ak 
4.9 === 6 + d 
( q k 


A regression of | against = should result in independent esti- 
mates of A and 8, call them, respectively, r\* and 8*. These estimates 
will be unbiased only if there is no induced technical change (so that MMP 
and AMP are equal). If, on the other hand, increases in the capital stock 
tend not only to enlarge capacity, but also to improve technology (so that 
MMP will exceed AMP), then the estimates will be biased. In this case, 
g* > B and A* A, because 8* will reflect that part of the increase in 
output attributable to induced technical change in addition to that part due 
to capital formation, whereas A* will represent only autonomous tech- 
nical change. In any event, whether or not there is any induced innova- 
tion, the estimated slope coefficient should be significant due to the ca- 
pacity-creating effect of capital formation. 

Estimating the coefficients of (4.9) by least squares yielded the 
following result: 


24. e988 - were 28 
4 (4,17) (-.57) 
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That the slope parameter is not significantly positive supports the suspicion 
that the results of the earlier test need not be taken at their face value. Ab- 
sence of a discernible positive relationship between increments in the capital 
stock per manhour and in productivity is certainly sufficient explanation for 
the failure of shifts in the production function to be associated with gross in- 
vestment. This means that it is impossible to link specific productivity in- 
creases with specific instances of deepening. But is this more damaging 
than it appears at first sight? What implications does this fact have regard- 
ing the indices of technology constructed in Sections II and III? 

I submit that the difficulties raised by these latest results have vir- 
tually no effect on the estimate of A; they do have considerable effect on the 
annual values of 3. but the trend is little affected. I have arbitrarily as- 


sumed that the productivity -increasing effects of investment would all occur 
within the period in which the expenditure is made. There are several rea- 
sons why this may not be so. First, there may be some building ahead of 
demand such that the capital is put into place long before it becomes opera- 
tional, ! « reating a discrepancy between capital services and physical capi- 
tal. But probably much more important, the capital data may partially re- 
flect expenditures on plant and equipment which have not yet been completed, 
so that their effect on productivity during the first period that they are 
carried on the books is nil. But if this is the case, what meaning can be 
attached to a measure of technical change which assumes that all the bene- 
fits from an asset begin to accrue from the moment the asset is carried on 
the records? Too much confidence must not be placed in the annual figures, 
but if several years are averaged, the resulting figures most likely convey 
a true picture of the pattern of change. What has been done is to use as a 
proxy variable the following: 


k* Pz? Yv, 


where there is a strong presumption that the v’s are related by a first 
order autoregressive equation, 


vv. * gov te p<0, 


where € is a stochastic element. The variable which is conceptually most 
appropriate to the model is k, but what we observe is k*. In any one year, 
the two will, in general, differ in value by an amount, v. But the relation- 
ship among the v’s is such that an understatement of the addition to the 
capital stock for a particular year is likely to be offset by a corresponding 
overstatement the following year. An average of the k*’s can be expected 
to be quite close in value to that of the k’s, for a period of several years. 
Moreover, this same factor offers a plausible explanation for the 





1, See H. B. Chenery, op. cit. 


342 





YALE ECONOMIC ESSAYS 


negative annual rates of technical change observed in Section II. 1 if, for the 
reasons discussed above, capital is carried on the books before it leads to an 
increase in capacity, there will be an addition to the capital stock without a 
corresponding increase in output. This will result in a decline in the level 
of technology, as estimated by the Section II model. This does not indicate 

a worsening of technical knowledge; rather, it suggests that the variables 
which have been observed are not the ones specified by the model. 


An Interindustry Comparison 





The conclusions emerging from this section are, thus far, princi- 
pally negative in character. The hypothesized interrelationship between tech- 
nical change and gross investment is not supported by the time series data. 

If induced technical change plays a major role in the innovative process, 

then it appears unlikely that time series analysis will shed much light on 

this fact because of the difficulty of obtaining appropriate capital input meas- 
urements. Available data do not permit associating increments in output 
with specific units of investment, and thus are too crude to be of value in 
investigating the hypothesized complementarity between investment and tech- 
nical improvements. 

Disaggregating to the SIC two-digit industry level, however, enables 
the use of cross section data instead of time series data. Rather than at- 
tempting to relate the aggregate level of technology to the age composition 
of the capital stock for each year, one can consider an interindustry com- 
parison of technologies so as to by-pass the difficulties encountered above. 
Considering the level of technology in 1957 as the dependent variable, one 
can try to explain the interindustry variation in terms of differences among 
industries in the age composition of the capital stock, using as an index of 
the “newness” of the stock the ratio of gross investment to net capital stock, 
averaged over the period 1949-57. 2 Thus, according to the discussion 





1. This is partly substantiated by the fact that years with negative tech- 
nical change tend to be either preceded or followed by years with unusually 
large positive technical change. The notable exceptions to this are the 
years 1945 and 1946, during which period large structural changes occurred 
as a result of demobilization, 


2. If the dependent variable were, instead, improvements in technology, 





there would be a serious identification problem. For, industries which are 
experiencing rapid autonomous technical change will be buoyant, and will 
provide a strong incentive to invest. Thus, a positive correlation between 
technical advance and investment could not readily be interpreted as evi- 
dence of induced technical change. 

Even in the present case, however, problems of identification cannot 
be ruled out. In particular, if the level of technology is positively corre- 
lated with changes in technology (in the recent past, for example), then 
high-technology industries are likely to attract investment. However, 
there is no conclusive evidence to support this correlation. 
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above, one would expect the level of technology to be highest in those indus- 
tries with a relatively new stock. The technology level of an industry is, of 
course, a result of many forces operative during the period; I am hypothesiz- 
ing the age structure of the industry’s capital goods to be one of these forces. 

In order to compare industries with regard to the level of technology, 
it is necessary to impose an additional restriction on the form of the pro- 
duction function. Measures of the technology level have thus far been ex- 
pressed as index numbers, enabling intertemporal comparisons within an 
industry but not interindustry comparisons at a point intime. This difficulty 
can be overcome by assuming that the production possibilities open to each 
industry can be characterized by a Cobb-Douglas function (though the para- 
meters are not constrained to be the same in all industries). This additional 
assumption permits writing: 


3 
(4.10) q(t) = A(t) k(t) , 


i 


where the subscript designates the industry. Solving (4.10) for A, 


A(t) can be regarded as the dependent variable and T as an inde- 
pendent variable, where I is the ratio of gross investment to the capital 
stock, averaged over the period, and te refers to 1957, the final year of 
the period. If the hypothesized interdependence is present, the coefficient 
of I should be positive. 

Several other independent variables can also be considered. One 
rather obvious one, in view of the preceding discussion, is the ratio of 
equipment to structures. While capital stock data are not broken down in 
this way for the industries, there are data relating to gross investment in 
each category. By summing gross investment in equipment and in structures, 
respectively, over the whole period, and then taking the ratio of the two, one 

get a fairly good approximation to the ratio of the two stocks. In other 
words, I am defining a variable, R, which is given by: 


R - zy E(t) 


= S(t) * 


can 


where E(t) and S(t) equal, respectively, gross investment in equipment and 
in structures, in year t. One might expect the efficiency level of an in- 
dustry to be negatively correlated with R, for the reasons given earlier. 

A third independent variable to consider is the ratio of “fixed” 
capital to “variable” capital, although it is not clear a priori just how this 
might affect the efficiency level. This variable is designated J, and refers 
to the average annual value of the fixed capital-inventory ratio, where fixed 
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capital is the sum of equipment and structures. 

The final independent variable to be considered is labor “quality.” 
One might venture a guess that this would be one of the most significant fac- 
tors responsible for differences among industries with regard to the tech- 
nology level. There is sufficient evidence of the heterogeneity of labor to 
force one to recognize the possibility of systematic interindustry differences 
in the types of skills and abilities required. This, in turn, would mean that 
a measure of technology based on the assumption of labor homogeneity would 
tend to overstate the technology level in industries using relatively high 
labor quality relative to those using less skilled workers. in other words, 
differences among industries in the quality of labor used will appear as dif- 
ferences in the technology level. 

As a measure of labor quality, we can use the average wage rate for 
the period, W. An industry which pays, on the average, a high wage is thus 
assumed to employ more highly skilled labor. Caution is required, however, 
in interpreting the coefficient associated with this variable, as the causation 
can obviously run either way. That is, a high level of efficiency in the in- 
dustry can result in high wages just as well as high labor quality can lead to 
a high efficiency level. 

The resulting regression equation can be written, 

(4.12) A a, + a, I+ a, W + a, J +a, R 

Results of the Interindustry Analysis 

To estimate the coefficients in equation (4.12), I used data for the 
19 SIC two-digit manufacturing industries for the period 1949 to 1957. The 


cT 
= 





imates are presented below (with the t-ratios in parentheses below their 
respective coefficients): 


A= 20+ .07 [+ °.99 W- , a a 06 R 
(3.69) (5.31) (-2.51) (-1.40) 


It can be seen that while a, is not significant at the .05 level, the other co- 
efficients are all significant at the .01 level. @., is negative, signifying that 
the technology of an industry has tended to vary inversely with the fixed- 
variable capital ratio. As was expected, @ is positive, evidencing a direct 
relationship between labor quality (or, at any rate, the wage rate) and tech- 
nology. Finally, it can be noted with pleasure that a, is significantly posi- 
tive, indicating that the technology level is related to the age of the capita] 
stock, and in the way initially hypothesized. 

It is interesting to note the quantitative significance of the relation- 
ship between I and A. One measure of this is the partial elasticity of A 


with respect to I, as calculated at the means of the two variables. This is 
given by: 


528.4 a, 4. 
or.Cti«CA A 
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which is found to equal .25, indicating that a 1% rise in the investment-stock 
ratio results in a .25% increment in the level of technology. 


Omitting R, equation (4.12) can be rewritten: 


4.12) / . 'Il+a' W J 
(4.12) A a, + a, I a, , a, J 
The estimates are: 
A -.02 + .07 T+ 1.03 W- 0.12 3 , 
(3.81) (5.44) (-3.79) 


which do not differ appreciably from the corresponding estimates in (4.12). 
Finally, it can be noted that if J is dropped, R becomes significant. 
W rite: 


tm 


~ 


2 oz y —= —-_ 
4.14) A a +a + Wt+a. 
(4.14) 0 a, I a. a, R 


c 


This set of estimates is given by: 


A= 36+ .05 T+ .98 W- 12 R 
(2.49) (4.51) (-2.85) 
All coefficients are significant at .01, and R now turns out to be negative, 


as suggested by the earlier discussion. 

The results of the cross section study are fully compatible with the 
hypothesis that technical change is closely related to the age structure of 
the capital stock, and hence to the level of investment in the recent past. 
While the time series analysis did not support this conclusion, neither were 
the data incompatible with the conclusion if one accepts the test on pages 
341-42. This test demonstrates the inadequacy of the time series data 
with regard to the primary question asked in this section. Thus, one may 
tentatively conclude that there is some evidence, on the basis of an inter- 
industry comparison, that advances in technology are partially a result of in- 
vestment activity. This, in turn, suggests the need to qualify the results of 
Section II, which suggest investment to be relatively insignificant as a con- 
tributory factor in the growth process. 

Additionally, the present results support the hypothesis that large 
changes in technology are accompanied by expenditure on structures, though 
it is obvious that alternative interpretations would also be consistent with the 
data. Moreover, technology seems to be inversely related to the ratio of 
fixed capital to inventory. Finally, a positive relationship was noted between 
the technology level and the wage rate; while the latter was used here as an 
index of labor quality, one must be cautious in giving this interpretation. In 
particular, the positive relationship can easily be a result of a tendency for 
wages to be high in technologically advanced industries. 


5. Conclusion 


The preceding analysis has been organized primarily around three 
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dichotomies. (1) Capital deepening and technical advance have been suggested 
as the two agents responsible for productivity change, and estimates of their 
relative significance were presented. (2) Technical change was in turn broken 
down into an interindustry and an intraindustry component, and the observed 
improvements in technology were allocated between the two. (3) Finally, the 
distinction was drawn between autonomous and induced shifts in the production 
function, and an attempt was made to gauge their relative importance in the 
manufacturing sector. Now we turn to summarize the empirical results of 

the study and to discuss what conclusions one may draw. 

Despite the observed interrelationship between technical change and 
investment, one can conceptually distinguish between the two. On the basis 
of this distinction, the present study has found technical change far more im- 
portant than capital deepening in bringing about a rise in output per manhour 
during the past four decades. The present essay, then, confirms the find- 
ings of other scholars on this point. I 

This is not to attribute any causal significance to the results presented 
here. From the methods used, it is not possible to say whether the historical 
relative impact of technical change has been great bec..use (1) technical 
change tends to promote increases in output more readily than does invest- 
ment, or because (2) we have had more technical change than capital deep- 
ening during the period in question. In particular, one cannot use the con- 
clusions of this essay, without further evidence, to support the view that 
more resources should be devoted to improving the technology and fewer 
resources to increasing the rate of investment. To make this assertion, one 
would have to be able to demonstrate that the marginal productivity of a 
dollar spent on research and development exceeds that of a dollar spent on 
expanding the capital stock—an interesting hypothesis but not one with which 
the present paper has been concerned. 

Section III of the present study indicates that the rate of technical 
change in aggregate manufacturing has exceeded a weighted average of 
the industry rates of technical change by a substantial margin. The dis- 
crepancy between the two, which we have termed interindustry technical 
change, amounts to nearly one-third of the aggregate manufacturing rate 
of technical change. Most of this interindustry technical change can be at- 
tributed to shifts of capital from industries where its marginal productivity 
is low to those where it is higher. 

That interindustry technical change is so great is not surprising in 
view of the observed dispersion among industries in the estimated rates of 
technical change. This dispersion provides a large potential rate of inter- 
industry technical change. To take advantage of this potential, it is clearly 
important to maintain interindustry factor mobility. 

Finally, in Section IV, the interrelationship between investment and 
improvements in technology was examined. The cross section data showed 





1. See footnote 1 on p. 304. 
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that industries with high levels of technology tended to have both high capital 
turnover ratios and high wage rates. While, again, no causal significance 
should be attributed to these results, the relationship between technology and 
capital turnover ratios is consistent with the hypothesis that, as one would 
expect, investment has tended to act as a vehicle for bringing about technical 
change. 
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Summary 
ee 


This paper is concerned with one aspect of the dependence of Canadian 
monetary policy upon that of the United States, namely, the relationships between the cap- 
ital markets of the two countries. The theoretical analysis is supplemented by an empir- 
ical investigation of the period 1952-1960, during which time there existed complete con- 
vertibility of both U.S. and Canadian dollars and, in addition, a willingness on the part of 
the monetary authorities of both countries to pursue flexible interest rate policies. 

With the exception of the provincial governments, it cannot be established that ex- 
change rate expectations are of significant importance to Canadian borrowers. It is 
found that the largest component of the long-term capital movements between the two 
countries is influenced by the interest rate differentials between them, and this is con- 
cluded to be a major contributing factor to the close links which are found to exist between 
equivalent U.S. and Canadian interest rates. The results show that all types of Canadian 
issuers of bonds and debentures have had a significant part in this tying together of rates. 
However, since new issues occur only at irregular intervals, the trade in outstanding 
securities must take the major responsibility for maintaining the close relationships be- 
tween the capital markets. This appears to occur mainly through the trade in Canadian 
provincial, municipal, and corporate securities and in U.S. Government bonds. 


This essay was submitted to Yale University in 1962 in partial 
fulfillment of the requirements for the degree of Doctor of Philosophy. 
The author is currently Assistant Professor of Economics at Yale. 

Dissertation Committee: Professors Robert Triffin (Chairman), 
Michael C. Lovell, and Raymond P. Powell. 


I am grateful to Professors Michael C. Lovell, Raymond Powell, 
and Robert Triffin for comments upon an earlier draft; to E. B. Carty 
of the Dominion Bureau of Statistics and representatives of A. E. Ames 
and Company, Moody’s Investors’ Service, McLeod, Young, Weir and 
Company, and Moss, Lawson, and Company, for assistance in the col- 
lection of statistics; and to the Ford Foundation’s Doctoral Dissertation 
Fellowship Program and the Cowles Foundation for Research in Eco- 


nomics at Yale University for financial assistance. 


G.K.H 





CONNECTIONS BETWEEN UNITED STATES’ AND 
CANADIAN CAPITAL MARKETS, 1952-1960 


Gerald K. Helleiner 


Discussion of Canadian monetary policy invariably refers to its de- 
pendence upon concurrent monetary policy in the United States—a dependence 
which, it is generally believed, has diminished since the introduction of a 
flexible exchange rate in 1950. The role which ties between U.S. and Cana- 
dian capital markets play in this dependence is, obviously, a crucial one. It 
is the intention of this essay to present theoretical and empirical evidence 
concerning the extent and nature of these ties. The empirical analysis con- 
cerns a period (1952-1960) during which there existed complete convertibility 
of both U.S. and Canadian dollars and willingness in both countries to pursue 
flexible interest rate policies. 

Parts A and B of this essay, which concern interest rate connections 
and international portfolio capital movements, respectively, contain the bulk 
of this analysis. Sections I, II, and III of Part A discuss, in theoretical 
terms, the nature of the ties between U.S. and Canadian long-term equivalent 
interest rates. Sections IV and V offer empirical results of analysis of these 
interest rates during the 1952-1960 period. In Part B, the results of regres- 
sion analysis conducted on U.S.-Canadian portfolio capital movements are 
presented. Section I discusses the independent variables used, and sections 
II and III contain, respectively, analyses of new issues and the trade in out- 
standing issues. Part C very briefly relates the earlier analysis to the ques- 
tion of the dependence of Canadian monetary policy upon that in the U.S. 


A. Connections between United States’ and Canadian Long-Term Interest 
Rates 
I. Unifying Influences 








The ability of capital to flow freely across international borders with- 
out restriction or, more properly, its ability to move freely in and out of 
different currencies is the most important factor tending to bind separate 
capital markets together. Where this freedom exists, investors may seek 
out the highest yields and borrowers the lowest possible lending costs without 
regard for international boundaries. In doing so, of course, they tend to 
equalize interest rates in all markets. Since interest rates are “pure” num- 
bers, this equalization occurs regardless of the rate of exchange between 
currencies at any particular time. 

At first glance it might seem that ties between Canadian and United 
States’ long-term interest rates result solely from the international flow of 
long-term securities themselves. This need not, however, be the case. 
Indeed, Morgenstern’s results from investigation of the pre-World War I 
European experience suggest that the major explanation for the existing ties 
between long-term rates was the extremely close connection between short- 
term rates.! Short-term rates are bound to one another through flows of 





1, Oskar Morgenstern, International Financial Transactions and Business 
Cycles (Princeton: Princeton University Press, 1959), Ch. IX, 
ee 
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short-term capital, which are notoriously responsive to interest rate differ- 
entials. Since long-term rates are related to short-term rates within each 
separate economy, it follows that there may exist strong ties between capital 
markets, even where there are no long-term international capital flows at all. 

Such indirect relationships between long-term interest rates may be 
far from perfect. In the first place, the strength of the domestic relationship 
between short-and long-term rates may vary from country to country or from 
period to period, In the second place, even the direct ties between short- 
term rates may be somewhat imperfect. This possibility is heightened where 
there exists a forward market for foreign exchange which permits sophisti- 
cated investors to be content even though short-term interest rates are diver- 
gent. 

International capital flows of still another type could also conceivably 
result in ties between long-term interest rates in the United States and Can- 
ada. To the extent that flows of direct investment respond to international 
differentials on the yield of real assets (marginal productivity of capital), 
there will be a tendency towards the international equalization of these yields. 
Since in both countries yields on financial assets are not completely unre- 
lated to those on real assets, these flows will also tend to equalize long-term 
interest rates. But it is the large flow of long-term securities between the 
United States and Canada which remains by far the most likely influence on 
the degree of interconnectedness of their two capital markets. 

However, capital flows, of whatever type, are not a prerequisite for 
the existence of close interrelationships between capital markets. The 
presence of a potential capital flow may be quite sufficient to keep interest 
rates in separate capital markets together or moving sympathetically. Close 
working relationships between Canadian and U.S. stock exchanges, dealers, 


and businessmen of all types undoubtedly make this point of considerable 
importance. 


Il, Factors Permitting Divergent Behavior of Interest Rates 

The above-mentioned unifying influences do not prevent divergences 
in levels and movements of equivalent U.S. and Canadian interest rates; 
rather, they merely set certain limits upon them. For analytical purposes, 
it may be useful to consider the various factors other than international in- 
terest rate differentials which may affect the international investment and 
borrowing decisions of U.S. and Canadian capital market participants. If 
such other factors are sufficiently important, the unifying tendencies may 
be completely counteracted, 

Analysis of these other factors may be based upon either of two theo- 
retical approaches to the behavior of participants in capital markets. The 








1. Equilibrium is possible when the forward discount on one currency ex- 
actly offsets the higher rate of return which could be earned by holding 
that particular currency. 
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first postulates that the market participant bases his decisions as to whether 
to invest (or borrow) at home or abroad upon the value of only oné variable— 
the international differences between expected returns (or costs). The inter- 
national interest rate differential is obviously a major component of the inter- 
national difference between expected returns (costs), but there exist others. 
In this formulation, risk considerations enter only in the form of premia or 
discounts on the expected returns (costs). A market participant behaving in 
this manner, it is generally assumed, will always make all-or-nothing deci- 
sions. Depending on the international difference between expected returns 
(costs), he will either invest (borrow) his entire portfolio in domestic assets 
(liabilities) or in foreign ones; there will be no domestic-foreign security 
mix. If changes in the international difference between expected returns 
affect capital flows, they do so by stimulating individual market participants 
on the domestic-foreign margin to make 100 per cent portfolio readjustments. 

The second approach postulates that the individual market participant 
bases his decisions not only upon considerations of expected return, but also 
upon those of risk, to which he is, in general, assumed to be averse. It has 
been demonstrated that such behavioral assumptions permit the investor (or 
borrower) to hold diversified portfolios of assets (liabilities). Changes in 
the international difference between expected returns now result in capital 
flows through their stimulation of all individual market participants to make 
partial readjustments in the domestic-foreign composition of their port- 
folios. Since portfolio diversification with respect to currency of repayment 
is characteristic of both borrowers and investors in the international capital 
market, this approach appears more relevant. The first approach described 
above is not, however, totally incompatible with the existence of portfolio 
diversification once certain quite realistic qualifications are introduced. 

With investor (borrower) realization that too heavy sales or purchases will 
destroy a relatively thin market’s advantages, the existence of a number of 
separate time horizons each of which is relevant to a different component of 
the individual’s portfolio, the inability of borrowers to recall outstanding 
issues, or the existence of a degree of sheer investor inertia, portfolio di- 
versification and partial readjustment may exist even where expected return 
is the only decision variable. 

Whichever approach one adopts, the factors influencing decisions in 
the international capital market are the same. Changes in any of them will 
produce international capital flows in the same direction, regardless of 
which of the assumed underlying behavior characteristics is more realistic. 





1. See, for example, Harry M. Markowitz, Portfolio Selection, Cowles 
Foundation Monograph 16 (New York: John Wiley and Sons, 1959); J. Tobin, 
“Liquidity Preference as Behavior Towards Risk,” Review of Economic 
Studies, XXV (2) (February 1958), pp. 65-86; Evsey D. Domar and Richard 
A. Musgrave, “Proportional Income Taxation and Risk-Taking,” Quarterly 
Journal of Economics, LVIII (May 1944), pp. 388-422. 
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These factors may be grouped under two headings: 1) expected returns, under 
which are included exchange rate expectations, divergences in interest rate 
expectations, transactions costs, tax considerations, and thinness of markcts; 
and 2) risk, which includes exchange risk, consistent differences in security 
characteristics (default risk), and risk reduction through portfolio diversifica- 
tion, Their existence, along with a third group of factors which may be labelled 
adjustment imperfections, permit divergences in the behavior of equivalent 
long-term interest rates in separate capital markets, even when there is a 
continuously free and elastic flow of capital between the two markets. 


1. Expected Returns 





(i) Exchange Rate Expectations. The expectation of an appreciation 
in the value of a currency will obviously render investments the interest and/or 
principal of which are payable in that currency more attractive. Thus, in 
order to induce investors to undertake such investments or refrain from dis- 





posing of them, a smaller nominal interest rate advantage is necessary. 
Similarly, borrowers will be less willing to incur obligations payable in the 
currency which they expect to appreciate and will only be persuaded to do so 
by a larger nominal interest rate advantage. 

The subjective exchange rate expectations of an individual participant 
in the international capital market may be described by a probability distri- 
bution. Such a distribution might show the probability which the individual 
ascribes to the realization of all possible rates of exchange between the 
United States and Canadian dollars at some future date. Of greater analytical 
interest, however, would be another distribution which would show, instead 
of expected future rates of exchange, the individual’s expectations as to the 
possibility of capital gains or losses, expressed as rates per annum, re- 
sulting from changes in the exchange rate between the present and some fixed 
future date. It has become conventional practice in portfolio selection theory 
to employ the expected value of such probability distributions as this one as 
a summary variable for expectations. In the interest of clarity this proce- 
dure is employed here, 

Let us call the Canadian (U.S.) individual’s expected value of the per 
annum rate of capital gain (loss) from holding United States rather than 
Canadian (Canadian rather than United States) dollars £1 - If the U.S. dollar 
is expected to depreciate relative to the Canadian dollar g, will, of course, 
be negative. Other things being equal, participants in the capital market 
will be indifferent as to whether to buy (or sell) U.S. or Canadian dollar 
securities when the Canadian interest rate (R,) less the equivalent U.S. in- 
terest rate (R,) equals g,. Exchange rate expectations, for which g; is a 
summary, are obviously a major determinant of market participants’ deci- 
sions. These expectations are, of course, continually subject to change. 

The time horizon of the individual in question is of some importance 
to the size of g,. An investor in short-term instruments need only concern 
himself with the behavior of the exchange rate in the near future. The same 
is true of the investor in long-term securities who intends to dispose of them 
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quickly. On the other hand, the long-term investor or the issuer of bonds 
need only be concerned with the level of the exchange rate in the more distant 
future. 

When the prospective capital gains of short-term investors are ex- 
pressed as yields per annum, they are likely to exceed in size those of longer- 
term investors. An expected rise in the value of the Canadian dollar merely 
from $1.000 in one month to $1.005 in the next, for example, implies a cap- 
ital gain or loss of 6 per cent per annum for holders of foreign securities, 
Given a reasonable degree of long-run exchange rate stability, the exchange 
rate is not likely to be of crucial importance to long-term investors or bor- 
rowers although it will still pay them to choose carefully the times for issues, 
redemptions, sales, and purchases. As Keynes pointed out, if the exchange 
rate is subject to a 5 per cent total fluctuation on either side of par, “then a 
5 per cent loan in terms of the lender’s money remitted at the par of exchange 
may cost in future years anything between 4-3/4 per cent and 5-1/4 per cent 
interest, and when it is paid off the redemption may cost anything between 
95 and 105, in terms of the borrower’s money. In the case of a long-period 
loan these possibilities are not very serious... . aA Assuming random fluc- 
tuations about par, the extra-large interest coupons resulting from an un- 
favorable (from the borrower's viewpoint) exchange rate will approximately 
offset the extra-small ones resulting from a favorable rate. The major risk 
then only concerns the redemption date and this can be all but eliminated, 
as far as the borrower is concerned, through sufficiently liberal call privi- 
leges. The possibility of irreversible trends in the rate of exchange, of 
course, remains. It appears from this discussion, then, that g; is likely 
to fall as the relevant individual’s time horizon is extended. 


(ii) Divergences in Interest Rate Expectations 

Capital gains other than those created by exchange rate fluctuations 
are also relevant. These may arise domestically as a result of changes in 
security prices which are related to interest rate changes. On an inter- 
national level, expected returns may differ between countries as a result of 
different interest rate expectations. Let us call the individual’s expected 
value of the per annum rate of capital gain (loss) from holding U.S. rather 
than Canadian (Canadian rather than U.S.) dollars g.. If go is positive, 
the individual’s implied expectation is that U.S. interest rates will rise 
during the relevant time period to a greater extent than their Canadian 
counterparts, Like g,, g9 is subject to continual change and is likely to 
fall as the relevant individual’s time horizon is extended. 





(iii) Transactions Costs. The major element of international 








1. John Maynard Keynes, Treatise on Money (London: Macmillan and Co., 
Ltd., 1930), Volume 2, pp. 333-34. See also C. G. Bale, “On the Ex- 
change Risk Involved in Borrowing Abroad,” Canadian Journal of Economic 
and Political Science, XXVII (February 1961), pp. 97-100. 
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transactions costs is the commission which must be paid to foreign exchange 
dealers upon conversion of the domestic currency to foreign currency and 
back again. This commission is customarily stated as a percentage of the 
amount being exchanged, For the purposes of this analysis, this cost must 
instead be expressed as a rate per annum spread over the length of the time 
period of relevance to the individual in question. This rate, which will be 
called c, diminishes as the time horizon of the individual lengthens, given 
the size of the transaction involved. 

Extra transactions costs may arise if such costs as underwriters’ and 
brokers’ commissions, legal fees, and expenses incurred in the pursuit of 
information are higher in the one capital market than in the other. If this 
were the case, the effect upon market participants’ decisions would be asym- 
metrical, depending upon whether the individual in question were a Canadian 
or a U.S. resident. There exists little statistical evidence upon which to 
hang any statement concerning the relative costs of flotation or security sales 
and purchases in the U.S. and Canada. 1 Attention will therefore be confined 
to the question of exchange commissions, as represented by c. 

Reintroducing exchange rate and interest rate expectations and hold- 
ing other things equal, the international difference in expected returns is 
given by one of the expressions, R,-R,-g,-g9-c or R.-R,-g)-ggtc, the 
relevant one depending on whether one is a U.S. or Canadian, an investor or 
a borrower. If one were to assume that borrowers and investors are “100 
per cent readjusters,” it would follow that a Canadian borrower would not 
issue U.S. dollar securities unless R..-R,> 81 +8ete ; a U.S. investor would 
not invest in Canadian dollar securities unless R,-R,> g;+gotc ; and a Ca- 
nadian investor would not invest in U.S. dollar securities unless 
Re-Ry<g1+82-¢. 


(iv) Tax Considerations, Relevant to a U.S. investor contemplating 
the purchase of Canadian securities or to a Canadian investor contemplating 
the purchase of U.S. securities are the tax rate he must pay to his own gov- 
ernment, the tax rate he must pay to the foreign government, and the de- 
ductions allowed by his own government in recognition of his tax payments to 
the foreign government. His domestic tax rate will depend upon his total in- 
come and his tax status. The tax rate payable to the foreign government will 
depend, in the Canadian case, upon the type of security held. Both the U.S. 
and Canada prevent double taxation by allowing the deduction in full from 
domestic tax liabilities of taxes paid to foreign governments on portfolio in- 
vestment income, 


Without going into the details of the legislation, it is possible briefly 








1. The New York market is apparently, however, a more expensive one 

in which to borrow than the London market. See E. Nevin, “Some Reflec- 
tions on the New York Issue Market,” Oxford Economic Papers (New Series), 
XIII (February 1961), pp. 84-102. 
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to summarize Canadian tax laws in this respect during the 1952-1960 period. 
The following withholding taxes on interest and dividends paid by Canadians 
to foreigners were called for: nothing on the interest paid on foreign cur- 
rency loans, nothing on interest on Government of Canada bonds, 5 per cent 
on the interest from Provincial and Municipal (direct and guaranteed) bonds, 
and 15 per cent on the interest and most dividends from Canadian corpora- 
tions’ bonds and stocks.! Since new issues payable in U.S. dollars comprise 
the greater part of Canadian sales of securities to the U.S., tax questions do 
not, for the inost part, even arise. The non-zero withholding taxes are suf- 
ficiently low that in most cases the U.S. investor will not suffer any increase 
in tax liability through his investment in Canadian rather than U.S. securities. 
The same may be said with respect to the Canadian investor in U.S. securi- 
ties whose usual withholding tax payment to the U.S. Government on interest 
or dividends is at the rate of 15 per cent. There may, however, exist ex- 
ceptions. U.S. tax-exempt institutions, for example, will be unwilling to 
invest in Canadian dollar securities unless the favorable interest rate dif- 
ferential is great enough to outweigh, among other things, the tax liability to 
the Canadian Government which they would thereby incur. 

(v) Thinness of Markets. It is important to realize that the R, and 
Ry in the above expressions should be the market interest rates which could 
be expected to prevail after the transactions being considered by the individ- 
ual have been made, If, as is likely to be the case in Canada, the capital 





market is a thin (imperfect) one, the market participant must consider the 
effects of his own actions upon it. The response of the market to large trans- 
actions within it is, of course, quite variable. Less consideration need be 
given to this factor in the considerably deeper U.S. capital market. In 
principle, however, one should be using the difference between expected in- 
terest rates in the two markets assuming that the transactions had actually 
been made in both. Thus observed interest rates may not be the relevant 
measures of R, and R,,. 

2. Risk 

(i) Exchange Risk. The possibility of changes in the rate of ex- 
change between the U.S. and Canadian currencies exerts influence not only 
through the effects of expectations (g,), but also through the effect of the 
mere existence of risk upon individuals’ responses to international interest 
rate differentials. The possibility of a mistaken estimation of the future 
exists even when expectations are completely neutral (g1 equals zero). An 
investor with an aversion to risk will avoid investments payable in a foreign 








1. For more detailed discussion of Canadian tax laws relating to foreign in- 
vestment see J. Grant Glassco, Royal Commission on Canada’s Economic 
Prospects, Certain Aspects of Taxation Relating to Investment in Canada by 
Non-residents (Ottawa: Queen’s Printer, 1956); and J. B. de la Giroday, Ca- 
nadian Taxation and Foreign Investment(Toronto: Canadian Tax Foundation, 1955). 
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currency unless he receives compensation, in the form of a higher yield, for 
the exchange risk involved. (Risk-loving investors would, of course, be will- 
ing to pay premiums in the form of the acceptance of lower yields for the 
privilege of investing in foreign securities.) Analogous considerations in- 
fluence the decisions of borrowers as to the currency in which they are to 
incur obligations. 

The treatment of the exchange risk factor depends upon the assump- 
tions made as to the nature of market participants’ behavior. If expected re~ 
turns are assumed to be the sole criterion for behavior (and all adjustments 
are 100 per cent ones), it is best to employ the concept of an exchange risk 
premium, This risk premium need not remain constant over time. Changes 
either in the individual’s estimate of risk or in his degree of risk aversion 
may alter the compensation he requires. It is also probable that the neces- 
sary premium, expressed as a rate per annum, falls as the time horizon of 
the individual lengthens. 

Let us call the premium which is required to compensate a risk- 
averting market participant for the bearing of exchange risk, expressed as 
a rate per annum, x. It follows that Canadian borrowers and U.S, investors 
will enter U.S. and Canadian capital markets respectively only when R.-R,> 
g,+ggtc+x ; and Canadian investors will enter the U.S. market only when 
R.-Ry< £1 *+8o-c-x. . 

Using the alternative approach, which assumes that the market par- 
ticipant bases his decisions upon two variables, (1) the international differ- 
ence between expected returns and (2) risk, as given customarily by some 
measure of dispersion (such as the standard deviation) of the distribution of 
expected returns from his portfolio, exchange risk plays a slightly different 
role. Exchange risk may be considered through the use of a measure of 
dispersion of the same distribution of which g, is the expected value. De- 
cisions as to the domestic-foreign composition of assets or liabilities may 
involve a trade-off between expected returns and exchange risk.? Rather 





1, Moody’s Investors’ Service implicitly estimates x in connection with the 


ratings it assigns to Canadian dollar securities. By convention, bonds pay- 
able in Canadian dollars are generally rated at one level below that at which 
they would have been rated had they been payable in U.S. dollars. The ex- 
change risk premium which ought to be demanded by the U.S. investor is 
therefore postulated to be the difference between yields of the same class 

of bonds but of adjoining default risk ratings. This difference varies with 
the class of bond, the original rating of the bond, and the point of time being 
considered, This procedure is, in this respect, of course, nothing more 
than an arbitrary, if convenient, rule of thumb. 


2. In some instances the incurring of exchange risk will not increase the 


expected return, No trade-off is then necessary. Both considerations will 
lead one to remain within the domestic market. 
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than making all-or-nothing decisions, as in the former approach, the market 
participant will alter the composition of his portfolio of assets or liabilities 

in response to changes in his estimates of exchange risk and expected returns, 
For example, when exchange risk is believed to rise, the international differ- 
ence (in favor of the foreign market) in expected returns remaining unchanged, 
the market participant will reduce the percentage of foreign securities in his 
portfolio. 


(ii) Consistent Difference in Security Characteristics (Default Risk). 

Strictly speaking, this factor should not be considered at all since 
the interest rates being compared internationally are supposed to refer to 
securities which are equivalent, It may be, however, that all Canadian se- 
curities differ from all U.S. securities, in which case true equivalents can- 
not be found. The most striking indication that such a situation may exist, 
at least in the minds of U.S. investors, is found in connection with Moody’s 
Investors’ Service bond ratings (of default risk), which undoubtedly guide 
or influence the decisions of large numbers of U.S. investors. Moody’s 
rates the U.S. dollar obligations of the Government of Canada at “Aa’’—that 
is, below the “Aaa” level accorded the obligations issued by scores of U.S. 
states, municipalities, and corporations. It appears, then, that even the 
safest issues of Canadian borrowers, issues which are not subject to ex- 
change risk, are considered to be more risky (in terms of the likelihood of 
default) than the issues of many U.S. borrowers whose credit standing would 
not, on the face of it, approach that of the Canadian Government. This may 
be the result of the somewhat remote possibility of a severe exchange crisis 
in Canada leading to a moratorium on foreign interest payments, ! What- 
ever the cause, if such a belief on the part of U.S. investors exists, it must 
either be compensated by an extra default risk premium on all Canadian se- 
curities or be considered in the calculation of the measure of dispersion 
which reflects the risk involved in Canadian securities. Assuming, as 
seems most realistic, that this feeling about foreign securities is asymmet- 
rical—that is, Canadian investors do not consider U.S. borrowers more 
likely to default than equivalent Canadian ones—it need only be considered 
for the case of U.S. investors contemplating investment in Canadian secu- 
rities. Using the “100 per cent readjustment” theory, U.S. investors will 
purchase Canadian securities only when R,-R,>g ,+ggtxtct+d, where d is 
the default risk premium, expressed as a rate per annum which must be 
paid to U.S. investors because of their belief in the increased likelihood of 
default by Canadian borrowers. Since Canadian issuers of securities in the 








1. Such beliefs could also, though not in this case, be the result of in- 
ternationally divergent interest rate (capital value) risks. The latter risks 
bear the same relationship to interest rate expectations as exchange risk 
bears to exchange rate expectations. This possibility is mentioned here 
merely for the sake of completeness. 
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U.S. market will face the same U.S. investor belief, they will be forced to 
offer a higher interest rate than the going U.S. market rate. Hence this in- 
equality is also the condition required for Canadian security issuers’ entry 
into the U.S. capital market. 


(iii) Risk Reduction Through Portfolio Diversification. Offsetting the 
exchange risk incurred by a capital market participant when he invests or 
borrows in the foreign capital market is the possibility of a reduction in his 
over-all risk, in particular his interest rate or capital value risk, as a result 
of the increased diversification of his assets or liabilities. The advantages 
to be expected from not “putting all one’s eggs in one basket” depend upon 
the existence of a certain degree of independence between the expected ex- 
periences of the two “baskets.” It will be seen that there exists a high degree 
of correlation between equivalent U.S. and Canadian interest rates. Ad- 
vantages in the form of risk reduction to be gained from U.S.- Canadian port- 
folio diversification are not therefore likely to be great. To the extent that 
it may be considered important, however, this factor can be treated as a 
reduction either in the exchange risk premium or in the measure of disper- 
sion being employed as the proxy for risk. 





3. Imperfections of Adjustments 

The preceding analysis implicitly assumed that the market mechanism 
operates relatively smoothly. There may, however, exist imperfections 
which affect its applicability to reality. For example, participants may be 
ignorant of the foreign opportunities open to them, they may be unwilling for 
non-economic reasons to borrow from or lend to “foreigners,” or their re- 


sponses to overseas capital markets may outweigh those to North American 
ones, 





It is also worth mentioning that the smooth adjustment of interest 
rates may encounter difficulties with respect to the speed with which it takes 
place. Such adjustments are certainly not instantaneous: preparation for a 
bond flotation, for example, may take several weeks. 


Ill, Factors Making for Divergent Average Levels of Interest Rates 

It has been shown that, even in a smoothly working international 
capital market, there is no necessity for equivalent long-term interest rates 
to move together. A variety of factors which may prevent this have been 
discussed above. Not only is it quite possible for equivalent U.S. and Ca- 
nadian interest rates to diverge in their movements, but they may also di- 


verge in their average levels over long periods. There are a number of 
possible explanations for this. 





(i) Exchange Rate Expectations or Divergences in Inierest Rate Ex- 
pectations. It is clear from the preceding discussion that such divergences 
in average levels would be possible through persistently one-sided exchange 
rate expectations (g,) and divergences in interest rate expectations (g5) 
by the bulk of market participants. Persistently positive or negative 
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evaluations of g,; and go» by the transactors in the market are likely to pro- 
duce a non-zero average for R.-R,, . 


(ii) Exchange Risk and Transactions Costs. The U.S. capital mar- 
ket is far larger than the Canadian capital market. The volume of U.S. funds 
available for investment in Canadian securities far exceeds the volume of 
Canadian funds available for investme:.t in U.S. securities. Presumably, 
then, the aggregate response in terms of dollars of U.S. investors to chang- 
ing Canadian opportunities is more elastic than is the aggregate Canadian 
response to U.S. opportunities. It follows that if the North American capital 
market is a unified one, exchange risk and transactions cost are much more 
likely to result in an extra premium on Canadian dollar securities than on 
U.S. dollar securities. Ceteris paribus, if exchange risk or transactions 
costs exert any influence at all, they will tend to result in Canadian interest 
rates which are higher than their U.S. equivalents. 








(iii) Tax Considerations, It is obvious that where tax treatment of 
the income from domestic securities which are equivalent in every other 
respect differs, their before-tax yields will differ. This is also true where 
equivalent U.S. and Canadian securities are concerned, although the fact 
that investors in foreign securities are taxed by their own governments on 
their foreign income means that the incentives for international capital flows 
are left unchanged by tax considerations. Purely domestic pressures de- 
riving from the differences in tax structure may be expected to affect rela- 
tive interest rates. Thus tax-exempt municipal and state bonds in the U.S. 
should offer lower before-tax yields than their taxable Canadian equivalents. 
Similarly, since Canadian residents receive a large tax credit on dividend 
income and pay no capital gains tax, one would expect, other things being 
equal, that the before-tax yield on Canadian stocks would fall short of that 
on U.S. stocks. 





(iv) Marginal Productivity of Capital. One of the commonest ex- 
planations of persistent international differences in the level of interest 
rates is the existence of differences in the marginal productivity of capital 
from country to country. Since investors in the high marginal productivity 
country have the alternative of investing in real capital, portfolio invest- 
ment opportunities must offer them correspondingly higher yields if they 
are to attract any funds. 





On a priori grounds, one would expect that capital’s marginal pro- 
ductivity would be higher in Canada than in the U.S. because of Canada’s 
vast unexploited natural resources and its lower capital per capita. Sta- 
tistical evidence for this is lacking. However, the direct investment which 
has poured into Canada from the U.S, in unprecedented amounts during the 
1950's suggests that, whether or not capital actually yielded a higher return 
in Canada, it was believed by many U.S. investors to do so, and, from the 
analysis’ point of view, this is just as important. 
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(v) Government Policy. To a considerable extent, one would expect 


the over-all ievei ol 





interest rates on any capital market to be determined by 
the monetary authorities. Thus, if, during the period, Canada had consist- 
ently used monetary policy more vigorously in an anti-inflationary direction 
than the U.S., one would expect to see it reflected in higher average Cana- 
dian interest rates than their U.S, equivalents. It is also possible that, as 
a result of different institutions or industrial structure, the interest rate 
implications of monetary policies with identical aims differ systematically 
between the two countries, Individual types of interest rates may also be 
affected by conscious monetary policy; for example, the term structure of 
rates may be influenced by the character of open-market operations although 
this possibility was restricted in the U.S. by the “bills only” policy in the 
1950’s. Non-monetary aspects of government policy may affect individual in- 
terest rates, too, as does the U.S, statutory limit on the interest rate to be 
paid upon long-term U.S. Government bonds. 


(vi) Consistent Differences in Security Characteristics. The 
grounds for believing that U.S. investors may require compensation for a 
belief that Canadian securities are more liable to default than U.S. securi- 
ties were stated in the previous section. If unity of the U.S. and Canadian 
capital markets exists, this factor would tend to raise Canadian interest 
rates relative to their U.S. equivalents. 





(vii) “Structural” Differences. Average levels of equivalent inter- 
est rates may diverge for a variety of other reasons which may be sum- 
marized by the term “‘structural’ differences.” These include such fac- 
tors as the effects of different laws or customs regarding institutional in- 
vestors’ portfolios on the demand for particular types of securities, and 
the reputed cautiousness of the individual Canadian investor, 





IV. Correlations between U.S. and Canadian Interest Rates, 1952-1960 

There are two main questions which will be investigated in the fol- 
lowing two sections. The first section examines the degree to which Ca- 
nadian and U.S. interest rates on equivalent securities and the structures 
of these rates moved together during the 1952-1960 period. The second, 
much shorter, one explores the existence of long-run differences in the 
absolute level of rates on equivalent securities during the same period. 
Both matters have been discussed from a theoretical point of view in the 
preceding sections, 





In order to meaningfully compare interest rates in different capital 
markets, it is necessary, first of all, to obtain statistics which pertain to 
securities which are as nearly equivalent as possible. An attempt has 
therefore been made to derive monthly estimates of U.S. and Canadian 
interest rates which are roughly comparable. Particular attention has 
been given to the degree of default risk, the term to maturity, and the 
type of borrower. 


All of the time series employ monthly data which refer to the last 
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week of each month, although the exact day of the week is not the same for 
every type of security or even, sometimes, for the same security in succes- 
sive months. Government of Canada bond yields are taken from the Bank of 
Canada’s Statistical Summary. From the end of 1957 onwards, during which 
time the Bank of Canada no longer published Government of Canada bond in- 
terest rates by term to maturity, representative bonds of appropriate term 
to maturity were selected in order to continue these series.! The corre- 
sponding U.S. figures—interest rates on U.S. Government bonds of various 
terms to maturity—were taken from the figures published weekly by Moody's 
Investors’ Service in its Bond Survey. 

The method of deriving the yields on provincial (or state), municipal, 
industrial, and public utility bonds was the most troublesome of all. McLeod, 
Young, Weir and Company of Toronto compiles monthly Canadian bond yield 
statistics for each of these types of borrowers. Moody’s does the same in 
the United States. In order to obtain default risk comparability, Moody’s 
(default risk) rating of each rated Canadian bond used in the compilation of 
each type of McLeod, Young, Weir series was obtained.* Then allowing 
for Moody’s evaluation of exchange risk and its apparent discounting of all 
Canadian-borrower securities, the Moody’s yield series was selected for 
which the rating corresponds most nearly to the average ratings of the bonds 
in the equivalent Canadian series. Thus, because of corresponding differ- 
ences in the ratings assigned to bonds in the various McLeod, Young, Weir 
series, the U.S. industrial and state bond yield series selected were those 
relating to Moody’s “Aa” ratings, whereas the selected municipal and public 
utitlity series related to Moody’s “A” ratings. 








A somewhat similar procedure was employed in an attempt to achieve 
comparability of term to maturity. This time, however, in addition to a 
consideration of the component bonds of each Canadian series, it was also 
necessary to look at the component bonds of each Moody’s series in order 
to arrive at “average” terms to maturity for each series. Each of the Ca- 
nadian bond yield series was then adjusted in each month to eliminate the 
U.S.-Canadian difference in “average” term to maturity for that particular 
type of security. The method employed, admittedly rather a rough one, 
was to add to (or subtract from) the equivalent bond yield figure the differ- 
ence between Government of Canada bond yields of terms to maturity which 
corresponded to the two “average” terms to maturity of the component 





1. The Bank of Canada stopped publishing yield curves because of the 
great dispersion of yields at each maturity. There are obviously, there- 
fore, grave limitations to the figures employed in this connection here, 


2. This was done only once (November 1960) because of the difficulty of ob- 


taining the relevant information, Since these series are maintained in such 
a way as to obtain a maximum degree of period-to-period comparability, 
there is no reason to believe that the results from this are unrepresentative. 
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bonds in the two series for the type of security in question. Thus, for ex- 
ample, since the component bonds of the McLeod, Young, Weir industrial 
bond yield series averaged fifteen years to maturity and those of the Moody’s 
industrial “Aa” bond yield series averaged twenty-five years to maturity, 
the final Canadian figure is obtained by adding to the original McLeod, Young, 
Weir yield the yield on a twenty-five-year Government of Canada bond less 

iat on a fifteen-year Government of Canada bond. The results are Canadian 
bond yield series which refer, roughly, to bonds of the same term as their 
corresponding U.S. yield series. 1 The public utility and industrial bond yield 
series refer to approximately 25 year bonds; the municipal and provincial 
(state) series refer to approximately 20 and 10 year bonds respectively. 

The stock yield statistics are quite straightforward since they have 
been taken unaltered from their original sources, The Canadian figures 
(common and preferred) are compiled monthly by Moss, Lawson and Com- 
pany. The U.S. common stock yield figures are taken, as are the bond 
yields, from publications of Moody’s Investors’ Service, while the preferred 
stock yield statistics are taken from those of Standard and Poor's, 


1. Correlation Between U.S. and Canadian Interest Rates 


Table 1, which shows simple correlation coefficients between U.S. 
and Canadian yields on equivalent bonds and stocks over the 1952-1960 





period, summarizes the initial findings with respect to the first question. * 
Column 1 shows the degree of correlation between the interest rates, while 
column 2 shows that between first differences of the same interest rates. 
The latter was calculated in order to eliminate some of the effects of the 
autocorrelation which is present both in the U.S. and the Canadian series 
but, as it turned out, the use of first differences rather than absolute values 
had very little effect upon the value of any individual correlation coefficient. 
From this table, one can see the remarkably high degree of correla- 
tion which existed between movements in U.S. and Canadian interest rates. 
Even the correlation between preferred stock dividend yields, which is far 
smaller than any of the others, is significantly different from zero at the 





1, This procedure rests upon the assumption that the term structure of 
Government of Canada bond yields adequately represents that of yields on 
Canadian bonds issued by other borrowers. The decision to adjust the Ca- 
nadian rather than the U.S. series in this respect was based upon the thesis, 
partially substantiated by the work of Durand and Winn [David Durand and * 
Willis J. Winn, Basic Yields of Bonds 1926-47: Their Measurement and 
Pattern, NBER Technical Paper 5 (New York: National Bureau of Economic 
Research, 1947)], that differences in term structure are more likely among 

the sub-markets of the United States capital market, where the tax exemption 
factor plays an important divisive role, than among those of the Canadian market. 








2. There were 107 observations, the first for January 1952 and the 


last for November 1960, 
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TABLE 1 
Simple Correlation between U.S. and Canadian Interest Rates, 1952-1960 


Simple Correlation Coefficients 





Absolute Values First Differences 





Federal Government 3 month 


Treasury bill +.846 +.846 
Federal Government 3 year bond +,894 +.893 
Federal Government 5 year bond +,905 +,904 
Federal Government 10 year bond +,.900 +,901 
Provincial (State) Government 

10 year bond! +,.862 +.865 
Municipal Government 20 year bond ! +,.860 +.866 
Industrial 25 year bond ! +,952 +,954 
Public Utility 25 year bond! +,.954 +.952 
Preferred stock dividend yield +.375 +,385 
Common stock dividend yield +.937 +.937 





lerm to maturity is approximate, 





one per cent level of significance. One interesting implication of these re- 
sults is that investors and borrowers, whether U.S. or Canadian, stood to 
gain very little in terms of diversification of risk from investing in or issuing 
foreign securities. Any such gain was almost certainly wiped out by the in- 
creased exchange risk thereby incurred, 

The fact that all of these various types of security yields were highly 
correlated need not imply that they were in each case directly related to their 
foreign counterparts. In fact, domestic interest rates were themselves highly 
correlated with one another, so that it becomes difficult to ascertain precisely 
where the international ties, if any, originated. 1 The usual caution in the 
interpretation of correlation coefficients must also be exercised both in this 
and in subsequent tables. It may be, for example, that capital markets were 
affected by similar or related exogenous factors, such as the state of busi- 
ness, without any causal connections whatsoever existing between the capital 
markets themselves. Analysis of various types of long-term international 





1. See Table 2. 
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capital movements indicates that direct connections between U.S. and Ca- 
nadian capital markets did underlie these results. 1 it may be possible, 
nevertheless, to draw inferences from the interest rate data alone. 

One could begin by comparing the correlation coefficient between, 
say, U.S. and Canadian industrial bond yields with those between the Ca- 
nadian industrial bond yield and other Canadian bond yields, and between the 
U.S. industrial bond yield and other U.S. bond yields. From such a com- 
parison, one might legitimately make inferences as to the relative impor- 
tance of domestic and international influences upon any individual type of 
interest rate. The different terms to maturity of the bonds employed in the 
various series here being used complicate somewhat the interpretation of 
the correlation results but should not seriously influence them, Table 2, 
which makes comparisons of this sort, indicates, for instance, that federal, 
provincial (or state), and municipal government bond yields were notice- 
ably more closely related to other domestic interest rates than they were 
to their foreign equivalents. Canadian public utility bond yields were more 
closely related to their U.S. counterparts than to domestic federal and pro- 
vincial government bond yields, but their correlation with domestic munic- 
ipal and industrial bond yields exceeded that with U.S. public utility bond 
yields. Substituting “industrial” for “public utility” and vice versa in the 
previous statement, it still holds. U.S. public utility bond yields’ relation- 
ship with their Canadian equivalents was closer than that with any of the 
domestic U.S. yields except that on industrial bonds. U.S. industrial bond 
yields, on the other hand, were more closely related to domestic yields, 
with the single exception of those on state bonds, than to their Canadian 
counterparts. 

This table shows clearly the high degree of correlation among 
domestic interest rates which renders it so difficult to disentangle interna- 
tional from domestic relationships. However, it provides little more than a 
hint as to the relative strengths of international and domestic interest rate 
ties. It appears that the strength of international ties was greater in the 
cases of industrial and public utility bond yields than in any of the others. 

Table 3, which undertakes to show similar comparisons for stock div- 
idend yields, suggests that preferred stock yields in the U.S. are closely re- 
lated to industrial bond yields whereas this is not the case in Canada. On the 
other hand, in Canada, preferred stock yields are more closely related to 
common stock yields than they are in the U.S. (and this closer relationship, 
unlike that in the U.S., is a positive one). These figures suggest that the 
relatively poor correlation between U.S. and Canadian preferred stock yields 
observed in Table 1 results from an international difference in the charac- 
teristics of the preferred stocks used in the compilation of the two series. 

In Canada they appear to be substitutes for common stocks, whereas in the 
U.S. they are substitutes for bonds. 





1. See below, Part B. 
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TABLE 3 


Simple Correlations between U.S. and Canadian Stock Dividend 
and Industrial Bond Yields 
1952-1960 
(Absolute Values) 








CANADA UNITED STATES 

Common Preferred Ind. 25 Common Preferred Ind. 25 
CANADA stock stock yr. bond! stock stock yr. bond! 
Common stock - +.643 -.366 +,937 - . 
Preferred stock +.643 . +.319 . +,.375 - 
Ind. 25 yr. bond! -.366 +.319 - - - +,952 
Common stock +,.937 . - - -.515 -.752 
Preferred stock 4 +,.375 . -.915 a +,943 
Ind. 25 yr. bond! - - +,952 -.732 +,943 - 





1. Term to maturity is approximate. 





While this approach has offered further insights into the question 
under consideration, perhaps a still more fruitful approach is one involving 
the use of partial correlation coefficients. The partial correlation coeffi- 
cients shown in Table 4 vary in meaning. The coefficients are partial with 
respect only to the other yields grouped under the same letter (A, B, or C). 
Thus those in Section A are obtained by netting out the effects of the yields 
on other federal government obligations of different terms to maturity; those 
in Section B eliminate the effects of yields on obligations issued by other 
types of borrowers; and Section C’s partials are with respect only to yields 
on stocks of both kinds and industrial bonds. 

Most interesting in this table are the coefficients of partial correla- 
tion found in Section B. Since the market for federal government securities 
both in the U.S. and in Canada is the deepest and most active of all the sub- 
markets in the capital market, one would expect that its international sensi- 
tivity would also be the greatest. Although the partial correlation between 
the yields on federal government 10 year bonds is significant at the one per 
cent level, it is far smaller than those between the yields on provincial 
(state) and public utility bonds. The high degree of partial correlation be- 
tween Canadian provincial security and U.S. state security yields is par- 
ticularly surprising. Recent work has shown that “There can be little doubt 
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TABLE 4 


Partial Correlations between U.S. and Canadian Interest Rates, 1952-1960 


(Absolute Values) 


A. 

Federal Government 3 month Treasury bill -.069 
Federal Government 3 year bond +,15 

Federal Government 5 year bond +.14] 
Federal Government 10 year bond +272 
B. 

Federal Government 10 year bond +.294 
Provincial (State) 10 year bond! +,60C9 
Municipal Government 20 year bond! -. 151 
Industrial 25 year bond! +.205 
Public Utility 25 year bond! +,.443 
Cc. 

Preferred stock dividend yield +,399 
Common stock dividend yield +.814 
Industrial 25 year bond! +. 65 





Term to maturity is approximate. 





of the conclusion that the factor of tax exemption has isolated the market for 
state and local government securities from other capital markets.”! One 
would expect that precisely the same tax considerations would produce a sim- 
ilar independence between these markets and their Canadian equivalents, In- 
deed, just such a lack of relationship is found in the case of municipal bond 


yields, and this makes the high correlation between provincial and state bond 


yields all the more puzzling. The partial correlation between industrial bond 





1. Roland I. Robinson, “Factors Accounting for the Sharply Increased Cost of 
State and Local Government Borrowing,” Journal of Finance, XII (May 1957), 


i 





p. 130. See also, Robinson, Postwar Market for State and Local Government 
Securities (Princeton: National Bureau of Economic Research, 1960). 
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ields in the two countries, while not as high as the simple correlation, re- 
mains significant at the five per cent level. 

Section A suggests that the strongest international ties between federal 
government bond yields come with longer terms to maturity; the partial cor- 
relation coefficient between 10 year federal government bond yields is signif- 
icant at the one per cent level. 

The dividend yield partial correlation coefficients in Section C have 
not had as many separate factors netted out. Their greater size relative to 
those in Sections A and B is therefore somewhat spurious. Nevertheless, 
both preferred and common stock dividend yields’ international correlations 
remain highly significant in the statistical sense. 

Supplementing Table 4 is Table 5, the analogue of Table 2, showing 
partial rather than simple correlations among various types of domestic 
bond yields. In the case of Canada, most striking are the high coefficients 
between federal and provincial government bond yields and between indus- 
trial and public utility bond yields. The fact that in both these cases the 
yields refer to securities of identical terms to maturity undoubtedly has 
boosted the values of the coefficients relative to the others in the table, but 
it cannot alone account for their height. | With those exceptions, Canadian 
federal government, provincial government, industrial, and public utility 
bond yields are all more closely related to their U.S. equivalents than to 
other domestic yields. In the U.S., relatively high domestic partial corre- 
lations are observed between industrial and public utility, state and munici- 
pal, and industrial and federal government bond yields. With these excep- 
tions, federal government, state government, and public utility bond yields 
ire more closely related to their Canadian equivalents than to other do- 
mestic U.S. yields. 

Table 6 is analogous to Table 3, showing partial instead of simple 
correlation coefficients. From this table, it appears that Canadian pre- 
ferred stock yields are not, after all, significantly more closely related 
to common stock yields than are their U.S. equivalents. In fact, the use 
f 


ol 


' partials indicates that Canadian preferred stock yields are more closely 


related to U.S. preferred stock yields than to domestic common stock yields. 
It remains true that common stock and industrial bond yields are more 





1. It could be objected that the yield figures might have offered more use- 
ful results had they been further adjusted so as to make all of them refer 
to the same term to maturity. This is a valid objection. No attempt at 
such adjustment was made because it was the primary object of the study 
to focus upon international rather than domestic equivalence of term, and 
because yield curves, at least in the U.S., vary among different classes 
of security and any resulting figures would therefore be of questionable 
reliability. See David Durand and Willis J. Winn, Basic Yields of Bonds 
1926-47: Their Measurement and Pattern, N.B. E.R. Technical Paper 6 
(New York: National Bureau of Economic Research, 1947). 
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GERALD K. HELLEINER 
TABLE 6 


Partial Correlations between U.S. and Canadian Stock Dividend and Industrial 
Bond Yields, 1952-1960 


(Absolute Values) 











CANADA UNITED STATES 

Common Preferred Ind, 25 Common Preferred Ind, 25 
CANADA stock stock yr. bond! stock stock yr. bond! 
Common stock . +. 309 -.014 +.814 - - 
Preferred stock +. 309 - +.438 - +,.399 - 
Ind. 25 yr. bond! -,.014 +.438 - - - +,653 
U.S. 
Common stock +.814 - - - +.355 - 492 
Preferred stock e +.399 - +355 - +.825 
Ind, 25 yr. bond! - - +,.653 - 492 +,825 - 





1. Term to maturity is approximate, 





closely related to their foreign equivalents than to other domestic yields in 
Section C. Furthermore, while U.S. preferred stock yields are still more 
closely related to yields on industrial bonds than are Canadian preferred stock 
yields, the international difference in this respect, though still substantial, is 
a little less than it appeared at first. Also of interest is the fact that the Ca- 
nadian correlation coefficient between common stock and industrial bond yields, 
unlike that in the United States, is no longer significantly negative when par- 


tials are used, 


2. Correlation between U.S. and Canadian Interest Rate Structures 


n addition to correlation betwee e various interest rates - 
I idit t rrelation between th arious interest rat them 





selves, correlation coefficients have also been calculated for differences be- 
tween interest rates in order to shed some light upon the degree to which the 
structure of interest rates is related internationally. Table 7 uses the yields 
on federal government bonds of various terms to maturity to show those which 
relate to the term structure of rates. 

High (simple) correlations are found to exist between Canadian and 
U.S, 10 year minus 3 year bond yields and between Canadian and U.S. 10 
year minus 5-year yields. Those between U.S. and Canadian 10 year 


minus 3 month and 5 year minus 3 year yields, while lower, are still 
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GERALD K. HELLEINER 

ignificant at the one per cent level. Correlations between 3 year minus 3 
month yields and 5 year minus 3 month yields are not significant. Thus it 
appears that the further to the right one goes on the yield curve (that is, the 
higher the term to maturity), the greater is the correlation between the U.S. 
and the Canadian term structure, 

The lower correlations on the left of the curve reflect the fact that 
yields on 3 month treasury bills (and other short-term instruments) are free 
to diverge to a greater extent from their foreign equivalents. This results 
from the existence of a forward exchange market, ! and the greater values 
and variability of 8)» Bo C, and x which are associated with the shorter 
time horizons implied by shorter terms to maturity. 2 These factors, in- 
cidentally, also explain the lower correlation coefficients observed with re- 
spect to 3 month treasury bills and shorter-term bonds in Tables 1 and 4. 
All in all, term structure does seem to be highly correlated in the segments 
of the yield curve where one would expect it to be so. 

Table 8 presents similar correlation coefficients relating to the 
type-of-borrower structure of interest rates. All are significant at the one 
per cent level or lower. Again, however, most are far lower than the co- 
efficients of correlation between the interest rates themselves. Extremely 
high coefficients were found for the relations between common stock, pre- 
ferred stock, and industrial bond yields. As might have been expected on 
an a priori basis, the best bond yield correlations in this table are those 
between structural elements not involving provincial (state) or municipal 


securities. 


V. Divergences in Average Levels of Equivalent U.S. and Canadian Interest 





tates 

The most important fact with respect to the relative levels of U.S. 
and Canadian interest rates during the 1952-1960 period is that all of the 
Canadian interest rates under consideration are higher than their U.S. 
equivalents. This is shown in Table 9, which presents the 9-year means 
of the monthly series introduced above. In the previous section it was seen 
that probably the most important factors in the explanation of such consist- 
ent differentials are persistent expectations of a fall in the value of the Ca- 
nadian dollar or a relative rise in Canadian interest rates, the belief by 
U.S. investors that Canadian securities involve a greater risk of default, 
the existence of Canadian withholding taxation on interest income which 
would be tax-exempt in the U.S., the existence of exchange risk and trans- 
actions costs (exchange commissions) for U.S. investors, a higher mar- 
ginal productivity of capital in Canada than in the U.S., and a relatively 
stricter monetary policy in Canada. The relative weight to be assigned 
to each of these possibilities is difficult to determine. 





l. See above, p. 352, note l. 


2. See Section II above. 
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The differences in the size of the Canadian-U.S. differential, which 
are shown for various types of securities in Table 9, must similarly be ex- 
plained by the varying relative importances of each of these factors as well 
is by the existence of certain “structural” differences between U.S. and Ca- 
nadian capital markets. Clearly, for example, the high differential in the 
case of provincial (state) and municipal bond yields is largely accounted for 
by the fact that interest income from these securities is tax-exempt in the 
U.S. but not in Canada. Other possible explanations for differences between 

arious U.S.-Canadian differentials are that U.S. investors regard the de- 
fault risk associated with Canadian industrial bonds as relatively greater 
than that associated with Canadian Government bonds, or that they regard 
the prospects for “growth” in Canadian common stocks as exceptionally high 
relative to U.S. stocks. Perhaps, too, Canada’s higher marginal produc- 
tivity of capital has a greater influence upon industrial bond yields than upon 
other interest rates. It is clear that conclusive findings with respect to the 
relative importances of the various factors producing divergent long-run 
levels of interest rates would require further statistical and institutional 


study. 





TABLE 9 


U.S. and Canadian Average Interest Rates, 1952-1960 


Canada less 











Canada +R U,o 

Federal Government 

3} month Treasury bill 2.539 2.279 +.260 
Federal Government 3 year bond 3.580 2.963 +.617 
Federal Government 5 year bond 3.848 3.095 +,.753 
Federal Government 10 year bond 3.869 3.199 +.670 
Provincial (State) Government 

10 year bond! 4.426 2.457 +1.969 
Municipal Government 20 year bond! 5.000 3.144 +1.856 
Industrial 25 year bond! 4.962 3.574 +1.388 
Public Utility 25 year bond! 4.830 3.861 +,.969 
Preferred stock dividend yield 4.993 4.350 +.643 
Common stock dividend yield 4.566 4.364 +.202 
1. Term to maturity is approximate. 
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B. Portfolio Capital Movements as a Source of Connections between United 
States’ and Canadian Capital Markets, 1952-1960 

Canadian long-term interest rates have obviously been highly corre- 

lated with equivalent U.S. interest rates. Even interest rate structures, of 








both the term to maturity and type of borrower variety, showed significant 
international relationships. These high correlations could have resulted from 
remarkably similar responses on the part of the Federal Reserve System and 
the Bank of Canada to remarkably similar economic conditions during the 
1952-1960 period. An explanation which is both more plausible and more ap- 
pealing to the theorist, however, is that U.S. and Canadian capital markets 
were bound to one another by the unifying influences discussed in Section I of 
Part A. The most important such influence was seen to be the international 
flow of long-term securities. Through investigation of the roles which the 
more volatile of the elements affecting international investment and borrow- 
ing decisions played in the actual movement of portfolio capital between the 
U.S. and Canada during the period, it is possible to test this theoretical ex- 
planation of the high correlations between interest rates. 


For the purpose of discussion, long-term capital movements may be 
broken down into sales and purchases to and from foreigners of new issues 
of securities and outstanding securities. Each will be discussed in turn. 
(Retirement of foreign-held securities are another form of long-term capital 
movement but these are of less theoretical interest since they arise largely 
through the mere passage of sufficient lengths of time. In some instances 
below, however, it will be convenient to deal with net new security issues, 

.@., gross new issues less retirements.) 


In order to place the subsequent discussion in its proper perspective, 

may be useful to present a broad summary picture of long-term portfolio 
capital movements between the U.S. and Canada during the 1952-1960 
period. Such a picture may be obtained from Table 10. It will at once be 
noticed that there are certain elements of recent experience which present 
a reasonably consistent pattern. Trade in outstanding Canadian bonds and 
debentures has resulted in capital outflows from Canada to the United States 
in every year but one; that is to say, Canadians have generally purchased 
more outstanding Canadian bonds from U.S. residents than they have sold 
to them. On the other hand, outstanding Canadian stocks have been sold by 
Canadians in greater values than they have been purchased in trade with 
U.S. residents. The same is true of outstanding United States stocks. Net 
new issues of Canadian securities (proceeds of new issues minus retire- 
ments) have produced very substantial capital inflows to Canada in every 
year but one, whereas Canadian residents’ purchases of U.S. new issues 
(net) have consistently resulted in small capital outflows from Canada. In 
sum, long-term portfolio capital transactions between Canada and the 
United States have resulted in capital inflows to Canada in every year of the 
period except 1955. 


7) 





GERAI 








D 


K. 


TABLE 10 
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Portfolio Capital Transactions between Canada and the United States, 
1952-1°S01 


Canadian Securities 





Trade in outstanding 


bonds and debentures 


Trade in outstanding 
common and preferred 
stocks 


Proceeds of new issues 


Retirements 


Total 


U.S. Securities 





Trade in outstanding 
bonds and debentures 


Trade in outstanding 
common and preferred 
stocks 


Proceeds of new issues 


Retirements 
Total 


Total 





1. Signs indicate the dire< 


(Millions of Dollars) 




















1952 53 1954 1955 1956 1957 1958 1959 1960 
-163 85 - 86 -164 - 36 - 60 - 6 +24 - 7 
65 6 + 85 + 95 + 76 + 9 + 68 + 76 + 54 
+315 +303 +299 +127 +601 +722 +600 +623 +332 
- 75 -134 -184 -211 -134 -105 -132 -211 -173 
+142 90 +114 -153 +507 +566 +530 +512 +206 
- oe © § tiie = fa + ft -.15 + iI 
7 10 + 8 + 28 + 22+ 44+30- 2+ 8 

- 5 ig’ 9+ "eels = 15 << 3 = GF - ‘ks 
- = oe i. + 4 2 4 & | +49 
2 a-* 123.4 23,433 *.21..+ 31..- 13.% 16 
+144 92 +126 -130 +519 +587 +561 +493 +222 
ion of capital flows: (+) for inflows into Canada, 


(-) for capital outflows from Canada. 


Source: The Dominion Bureau of Statistics. 
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I. The Independent Variables 

1. Interest Rate Differentials 

Portfolio capital can be expected to flow at varying rates across the 
international border in response to varying differentials between equivalent 
Canadian and U.S. interest rates. The most obvious independent variables 
to be employed are therefore international interest rate differentials of vari- 
ous types. These differentials will always be expressed as the Canadian in- 
terest rate (R-) less the equivalent U.S. interest rate (R,). A description of 
the interest rate data to be used for this purpose has been presented above. 
These raw data refer to month-ends. When the regressions in question em- 
ploy monthly capital flow data, the monthly interest rate differentials used 
are the averages of those in two successive month-ends. When the depend- 
ent variable (capital flow) data are quarterly, the averages of interest rate 
differentials in four successive month-ends are employed as quarterly data. 








2. Exchange Rate Expectations 





As has been shown above, another potentially important determinant 
of international portfolio capital flows is the state of expectations as to the 
exchange rate (g,). This extremely volatile element can be expected to play 
a greater role the shorter is the time horizon of the seller or purchaser in 
question, since high annual rates of return may be earned through relatively 
small shifts in the exchange rate. 

The measurement of expectational variables is an impossibility. The 
best one can hope for is the obtaining of a reasonable proxy. Where arbitrage 
between money markets and the forward market for foreign exchange is im- 
perfect, as in the U.S.—Canadian case, it is possible to employ the forward 
discount or premium on one currency, adjusted for the international differ- 
ential in interest rates of the same (short) term, in this way. Changes in 
the value of such a variable can be expected to reflect changes in the mar- 
ket’s estimate of the need to cover against the risk of short-term fluctua- 
tions in the exchange rate when that particular currency is held. Individual 
market participants will, of course, react differently to changes in the value 
of this and any other proxy variables. Rhomberg employed, with some suc- 
cess, the period-to-period change in the rate of exchange as another proxy 
for short-term exchange expectations in his attempts to explain the specula- 
tive demand for Canadian dollars.! Attempts to incorporate this variable 
into the regression analysis below, however, yielded consistently insignifi- 
cant results. A third possibility is to use the spot exchange rate itself as a 
proxy for more long-run expectations. Over the 1952-1960 period, such a 
procedure would have been justifiable, for the values of the U.S. and Ca- 
nadian dollars relative to one another showed no particular trend. Thus, 





1. Rudolf R. Rhomberg, “Canada’s Foreign Exchange Market: A Quarterly 
Model,” International Monetary Fund Staff Papers, VII (April 1960), 
pp. 442-43, 445, 450. 
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when the Canadian dollar’s value was abnormally high, it might reasonably 
have been expected to fall; conversely, when its value was abnormally low, 

ould be expected to rise. The first and, in one instance, the third of 
these proxies are those actually employed in subsequent sections. To dis- 
nguish the two, they will be referred to as go and gy (for short-term and 
long-term) respectively. 


Divergent Interest Rate Expectations 





Relative expectations as to the chances for purely domestic capital 
gains (that is, relative interest rate expectations) may also greatly influence 
nternational transactions in long-term securities, particularly where the 
transactors have short-term intentions. Culbertson has calculated that an- 
nual rates of return of 23% and 97% could have been earned through the hold- 
ing of U.S. Government bonds for three-month and one-week periods, re- 
pectively, during 1953. | For short-term transactors, small divergences 
in expectations for U.S. and Canadian interest rates may therefore offer 

ibstantial inducements for international transactions in long-term bonds. 
How to measure interest rate expectations presents a problem. It is dealt 


with here by the assumption that the observed Canadian-U.S. interest rate 


lifferential (R.. -— R,,) is a valid measure not only of relative long-term yields, 
( u ” ‘ 


but also of relative yields in the shorter-run allowing for the possibility of 
capital gains or losses on long-term securities. This assumption rests on 
the premise that there exists a “normal” Canadian-U.5S. interest rate dif- 
ferential for each class of security. From this it follows that when the Ca- 
nadian-U.S. interest rate differential is abnormally large, it can be ex- 
pected ultimately to fall. In order for this to occur, the Canadian rate must 
rise less or fall more than its U.S. counterpart, thus in either case giving 
rise to the prospect of smaller capital losses or greater capital gains in Ca- 
nadian securities than in their U.S. equivalents. It will therefore pay an 
nvestor to move his funds into Canadian (U.S.) securities when the Canadian 
interest rate relative to the U.S. equivalent is abnormally high (low), re- 
gardless of whether he is an income-conscious or a capital-conscious in- 
vestor. Unfortunately, it is not possible to separate the income motives 
from the capital gains motives through the use of one independent variable 
which reflects both. 


Il. New Issues 

Table 10 provides an indication of the very great importance of for- 
eign new issues relative to the other components of the total long-term 
capital flow between the two countries. There are four major classes of 
inter-capital market transactions which are of interest in connection with 
these new security issues: 1) sales of Canadian new issues payable in U.S. 
dollars to U.S. investors, 2) sales of Canadian new issues payable in 





1. J. M. Culbertson, “The Term Structure of Interest Rates, 


Quarterly 
Journal of Economics, LXXI (November 1957), pp. 506-07. 
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Canadian dollars to U.S. investors, 3) sales of U.S. new issues payable in 
U.S. dollars to Canadian investors, and 4) sales of U.S. new issues pay- 
able in Canadian dollars to Canadian investors.! Since the U.S. capital mar- 
ket is much broader, deeper, and more developed than the Canadian, and 
interest rates on it have consistently fallen short of their Canadian counter- 
parts, instances of the fourth type have been rare. 2 This study will there- 
fore confine itself to the other, more common, classes of new issue capital 
movements. During the 1952-1960 period it was the first of these three 
types, i.e., sales of Canadian new issues payable in U.S. dollars to U.S. 
investors, which was by far the most important in terms of size and vola- 
tility. Next in importance were sales of Canadian new issues of both bonds 
and stocks payable in Canadian dollars to U.S. investors. Capital flows in 
the reverse direction in the form of Canadian purchases of U.S. issues (pay- 
able in U.S. dollars) were relatively small. Each of these types of inter- 
national new issues will be considered separately below. 

The most comprehensive figures on international new issues are 
those collected by Canada’s Dominion Bureau of Statistics. 3 These sta- 
tistics, since they are collected in connection with the preparation of bal- 
ance of payments estimates, all apply to the period during which new issues, 
retirements, and sales and purchases of outstanding issues are delivered, 
that is, the period during which the currency actually changes hands. From 
the point of view of this study’s attempt to relate flows to other independent 
factors, this period is, unfortunately, not the relevant one. Rather, what 
would be most useful are data which refer to the period during which the 
decision to transact was made. This limitation is not of great importance 
as far as long-run over-all views of the composition of capital flows are 
concerned. In any case, since these data are the best available they have 
been, and will be, used for this purpose. Nor is it even of particular im- 
portance where more detailed analysis of the trade in outstanding securities 
is concerned, for the length of time elapsing between contract and delivery 





1. It is conceivable that Canadian new issues payable in U.S. dollars are 
at times sold to Canadian investors (or U.S. issues payable in Canadian 
dollars are sold to U.S. investors). In such cases, both the borrower 
and the investor have entered the foreign capital market since both as- 
sume exchange risk. The foreign capital market has then served as an 
intermediary between domestic borrowers and investors. 


}) 


2. At least one such instance did occur during the period. Dominion 
Bureau of Statistics, The Canadian Balance of International Payments 
(1955), p. 24. 





3. Dominion Bureau of Statistics, The Canadian Palance of International 


Payments (quarterly and annually, 1952-1960), and Purchases and Sales 
of Outstanding Securities between Canada and Other Countries (monthly, 
1952-1960). 
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dates in this trade rarely exceeds three or four days, whereas the data periods 
under discussion are a month long. However, as recent D.B.S. work has 
demonstrated, the use of quarterly delivery date statistics for new security 
issues may produce results which are substantially different from those 

which would be obtained through the use of contract date figures. In the 

years 1958-1959, during which quarterly values for total Canadian new issues 
sold to the U.S. varied between 15 and 200 million dollars, it was estimated 
that the divergence between contracted and delivered values for this variable 
varied between zero and 73 million dollars.! Thus the validity of the analysis 
would be greatly augmented by the use of the relevant (contract date) data. 
This has been possible for only one of the three types of international new 
issues, fortunately the most important one. Unpublished material compiled 
by A. E. Ames and Company was available, permitting the preparation of 
quarterly contract date statistics for new issues by Canadians payable in U.S. 
dollars. In that these statistics exclude refunding operations and are stated 
at par in terms of U.S. dollars, their meaning is slightly different from that 
of the D. B.S. estimates.* In the relevant regression analysis below, both 
the D. B.S. delivery date data and these Ames contract date data have been 
employed, 

An obstacle to the employment of conventional statistical analysis is 
the “lumpiness” of international new issues in the Canadian case. Since the 
market is a thin one, quarter-to-quarter changes may often be extremely 
large and one large issue may easily outweight all others during the period. 
This obstacle, which will result in low values for the coefficient of deter- 
mination (R?) and, possibly, less significant slope coefficients in the cal- 
culated regression equations, exists whether one is concerned with Canadian 
issues payable in U.S. dollars, Canadian dollar issues sold to U.S. investors, 
or U.S. dollar issues sold to Canadians. An attempt was made, without 
success, to get around this difficulty by employing the number of separate 
new issues by Canadians in the U.S. market, as obtained from A. E. Ames 
and Company, rather than the value of these issues as the dependent vari- 
able in the relevant regression equations. 














1. Canadian New Issues Payable in U.S. Dollars t 

2 i 

The incentive for the flotation of Canadian new issues payable in U.S. é 

dollars clearly comes from the side of the issuer of the securities, since y 

it is he who has to enter the foreign capital market. All levels of Canadian ; 

Government as well as Canadian corporations have at one time or another é 
sold new issues of bonds or debentures which are payable in U.S. dollars to 

1. Dominion Bureau of Statistics, The Canadian Balance of International 

Payments, 1959, p. 37. 

' 

2. D.B.S. estimates are stated as the Canadian dollar receipts of the ; 


issuers, net of discounts, underwriting commissions, and other expenses. 
Dominion Bureau of Statistics, The Canadian Balance of International Pay- 
ments, 1959, p. 38. 
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U.S. investors; this may be seen in Table 11. During the 1952-1960 period, 
however, the Government of Canada did not issue any securities of this type. 
This lack of Federal Government response to incentives which induced lower 
levels of government and corporations to enter the U.S. capital market for 
substantial funds undoubtedly reflects the views of the Bank of Canada’s ad- 
ministration. “For provinces and municipalities to borrow abroad is haz- 
ardous to themselves and undesirable in the national interest,” in the view of 
the then Governor of the Bank.! This outlook has not always governed the 
management of Federal public finance in Canada, with the result that there 
still exist outstanding Government of Canada bonds payable in U.S. dollars 
their retirement from time to time during the period has produced the nega- 
tive net new issues contained in Table 11. Since the decisions of the Bank 
of Canada appear to be based upon different criteria from those employed by 
Canadian borrowers, the totals in this and subsequent tables exclude Govern- 
ment of Canada issues. 

What is of theoretical interest is not the absolute amount issued in the 
U.S. market, as shown in Table 11, for this may be affected by many ex- 
ogenous factors which also affect the amount of domestic security issues, 
but the amount issued in the U.S. market relative to the amount issued in 
the Canadian market. The regression analysis to follow will therefore 


, 


focus upon the relative degree of Canadians’ resort to U.S. capital markets, 
as measured by the percentage of total new issues (gross), payable either in 
Canadian or U.S. dollars, which are payable (solely or optionally) in U.S. 
dollars. 

The relative extent of resort to this type of financing was related 
not only to interest rate differentials and exchange rate expectations, but 
also to the size of the issues to be floated. The relative role of the U.S. 
capital market in the total of new issues of any particular size increases 
with the size of the issues. Although issues of amounts totaling less than 
600 thousand dollars (an arbitrary cutoff point) accounted for a very large 
share of the total number of separate trips to the market during the 1952- 
1960 period, the place of U.S. dollar securities in these amounts was 
negligible. The contract date (Ames) data was therefore adjusted so as 
to include only issues of more than this amount. Detailed information 
permitting a similar adjustment in the delivery date (D. B.S.) data was un- 
fortunately not available. 

Quarterly data for 1952-1960 on the percentage of total U.S. and 
Canadian dollar issues by Canadian borrowers accounted for by those 





1. Annual Report of the Governor of the Bank of Canada to the Minister 


of Finance, 1960, p. 19. 








2. For technical reasons, the delivery date (D. B.S.) observations began 


in the second quarter, whereas the contract date (Ames) data began in the 
first quarter of 1952. Both continued to the fourth quarter of 1960. 
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TABLE 11 . 

New Issues (Gross and Net) of Canadian Bonds and Debentures Payable . 
(Solely or Optionally) in U.S. Dollars, by Type of Borrower, e 
1952-1960 

(Millions of Dollars) t 

1952 1953 1954 1955 1956 1957 1958 1959 1960 . 

New Issues (Gross): i 
Government of Canada! : - - - - : - . : i 
Provincial Governments! 101 136 114 - 212 130 162 316 84 f 
Municipal Governments 43 69 34 40 106 116 143 147 110 2 
Corporations 117 29 96 _5 169 388 185 49 70 

i 

Total 260 234 244 45 487 634 490 512 265 | 

New Issues (Net): 
Government of Canada! - -74 -21 -94 -62 -19 - -17 - 
Provincial Governments! 66 107 57 -19 198 107 127 281 42 
Municipal Governments 28 56 11 22 89 97 117 120 80 ; 
Corporations 106 19 67 -53 153 370 161 7 14 


Total excluding 
Govt. of Canada 199 181 135 -50 439 574 405 408 137 


1. Direct and guaranteed. 





Source: The Dominion Bureau of Statistics. 





SE SO re TT 


YALE ECONOMIC ESSAYS 


payable in U.S. dollars (both in value terms) have been employed as dependent 
variables in linear regression equations in which the relevant interest rate 
differentials (R, - R,) and the earlier-mentioned measure of short-term ex- 
change rate expectations (Zs) were employed as independent variables. The 
other proxy for exchange rate expectations (g; , the spot rate) is suitable for 
use only in connection with the trade in outstanding securities, because it is 
itself affected by changes in the volume of foreign new issues, which bulk 
large in the absolute total of international capital flows. Both the delivery date 
and the contract date data were tried for each type of borrower’s new issues. ! 
More than one interest rate differential was tested for each type of borrower's 
issues (but not for total issues). 

Since the interest rate differential variable was stated as the Canadian 
yield minus the U.S. yield (R, - R,), the desired sign on this variable is 
positive. The short-term exchange rate expectation variable (gc) was stated 
as the percentage three-month forward premium on the U.S. dollar less the 
difference between the Canadian and the U.S. three-month Treasury bill 
rates (all expressed as yields per annum). Thus, the higher its algebraic 
value, the greater is the market’s expectation that the U.S. dollar will rise 
in value relative to the Canadian dollar. It follows that the desired sign 
associated with this variable is negative. 

Table 12 shows the results of these regression calculations and serves 
as the model for all subsequent presentations of regression results. Only 
those results are shown in which at least one of the slope coefficients of an 
equation differs from zero at the ten per cent level of significance or lower, 
using a one-tail test of the null hypothesis. In the left-hand column, the 
interest rate differential used in the equation in question is shown. Where 
the slope coefficients of both of the independent variables are significantly 
different from zero (as shown by the asterisks), the beta coefficients have 
been computed. 








1. To obtain delivery date (D. B.S.) figures for total United States and Ca- 
nadian dollar issues by various types of Canadian borrowers, a little mani- 
pulation of the published data was required. From total deliveries in all 
currencies, it was necessary to subtract all those payable in foreign cur- 
rencies, including some payable in pounds sterling, Swiss francs, etc., and 
then add back those payable in U.S. dollars. 

The figures for 1952 to 1954 required still a little more work. Total 
municipal issues were available only on an annual basis during this period. 
The Canadian dollar component for the year, arrived at as described above, 
was therefore prorated over the year’s four quarters and the quarterly data 
on U.S. dollar issues was then added to these amounts. A recent revision 
in the annual totals for provincial and corporate new issues, without the 
publication of the revised quarterly data, also caused some trouble in this 
period’s figures. The differences between the original annual totals and 
the revised annual totals for the corresponding years were prorated over 
the four quarters. 
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9 
; R -R g.. R- 
Constant Cc u » 
H : b ®. .- Ed 0 
) l Oo 2 
H.: b, = (+) H.: b - 
, >, = (+) 2 Pg =O) 
9.376 + 29.614 ** - 8.945% .096 
(10.416)! (16.509) (6.404) 
B = 3.45 B = 2.69 
3.563 + 31,073***  - 6.200% .188 
(7.170) (11.406) (4.405) 
B = 5.02 B = 2.59 
- 2.751 + 12.291* - 1.609 .073 
(15,150) ( 7.778) (4.172) 
- 3.430 + 39,435 ** - 1,410 181 
(2.084) (14.795) (3.852) 
- 3,499 + 25,.903* - 2.117 .072 
(15.443) (16.209) (4.247) 
8.883 + 30.963 - 0.757 116 
(10.554) (16.729) (6.489) 
- 7,296 + 17.797 + 5.220 .092 
(21.422 (11.332) (5.657) 
- 1,500 + 29.601 + 3.297 .073 
(21.422) (22.527) (5.930) 
- 8.759 + 15.619 ** + 1.735 .099 
(16.150) ( 8.512 (4.062) 
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Table 12 (continued) 




















2 
R -R R 
Constant Cc u Bs 
Corporations 
Contract Dates (Ames): 
Federal Govt. - 0.692 + 26.419 ** + .165 171 
10 year (7.468) (11.837) ( 4.592) 
Delivery Dates (D.B.S.) 
Federal Govt. + 5.488 + 12,.549* + 0.614 hid 
10 year ( 4.858) ( 7.728) ( 2.984) 
Public Utility - 1.e + 9.517% - 0.900 .067 
25 year® ( 5.960) ( 6.256) ( 1.639) 
Total (excluding Govt. of 
Canada) 
Contract Dates (Ames): 
Federal Govt. + 3.777 + 32.295 ** - 4.262 .259 
10 year ( 6.112) ( 9.689) ( 3.758) 
Delivery Dates (D.B.S.): 
Federal Govt. + 6.837 + 19.814*** - 2,312 .186 
10 year ( 4.727) ( 7.521) ( 2.904) 





*** Significantly different from zero at the 1 per cent level (one-tail test). 
ai tt ai Ai A Ai = A ai 1 tt Ai t 
** 5 
ai A tt ai tt A 10 A A al ai " A 
1. Bracketed values in this and subsequent tables indicate the relevant stand- 
ard errors. 


o 


2. Direct and guaranteed. 


3. Term to maturity is approximate. 





It will be observed that all types of borrowers’ new issues are found 
to respond to the Canadian~-U.S. interest rate differential. This response is 
observable not only when the contract date (Ames) data are used, but also 
when the delivery date (D. B.S.) data are used as dependent variables. Indeed, 
oddly enough, the delivery date statistics at times yield more significant re- 
sults than those relating to contract dates. Thus, the lag between contract and 
delivery dates does not seem greatly to impede analysis which is based upon de- 
livery data alone. Of particular interest is the success attained through the use 
of the federal government yield differential: only in the case of municipal 
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deliveries of new issues does it fail to yield a significant slope coefficient. 
Furthermore, in all but the latter case, the statistical significance of the 
yield differential coefficient is greater when the federal government yields 
are employed than when any of the alternatives are used. This suggests 

that Canadian borrowers considered the general state of the capital markets, 
for which the federal government yield is probably the best proxy, rather 
than the state of particular sub-markets thereof when reaching their decision 
as to which capital market in which to float their issues. It may also be that 
the observed yields on sub-markets of the Canadian capital market do not 
accurately reflect the information about these markets which would be rele- 
vant to issuers’ decisions; in particuJar, these sub-markets are all so thin 
that consideration must be given to the possible effects of a large new issue 


— 


and the ease with which such an issue could be sold at the prevailing yields. 

The slope coefficient associated with short-term exchange rate ex- 
pectations, gc, is significant only in the provincial government equations, 
and even in these, its beta coefficient is well below that of the interest rate 
differential. Since this factor is not of great importance to the long-term 
borrower, * this lack of significant results is not surprising. The possibility 
remains, of course, that the proxy for this factor here being used is not a 
good one, and that exchange rate expectations are, in fact, far more impor- 
tant than it would appear from these results. 


2. Canadian New Issues Payable in Canadian Dollars Sold to the U.S. 
Unlike the U.S. dollar new issues of Canadian borrowers, the Ca- 





nadian dollar issues sold to U.S. investors are best thought of as investor- 
motivated capital flows. In this case, it is the U.S. investor who steps out- 
side of his domestic capital market. This interpretation may at times be 
misleading; for example, if a U.S. investor’s purchase of Canadian dollar 
securities were the result of a U.S. sales campaign by the Canadian issuer, 
it might reasonably be said that at least part of the incentive for the inter- 
national flow of capital arose from the Canadian side. In general, however, 
it seems the most useful one. 

Table 13 shows the participation by U.S. investors in the Canadian 
new issues market. The amounts involved are far smaller than those arising 
from Canadian borrowers’ resort to the U.S. capital market. On balance, 
during the 1952-1960 period, the U.S. has purchased (net) Canadian dollar 
obligations of provincial governments, municipal governments, and corpora- 
tions; corporate bonds and stocks have accounted for the largest values pur- 
chased. At the same time, it has had retired larger amounts of Government 


of Canada securities than it has purchased in the Canadian new issues market. 


Ideally, the analysis should proceed to an explanation of the changes 
in U.S. holdings of Canadian dollar securities, or even this change relative 





l. See above, p. 357. 


See above, pp. 354-55. 





Sa erie 


a In Sp 


ee 


— 


Pe eS 





YALE ECONOMIC ESSAYS 


TABLE 13 


New Issues (Gross and Net) of Canadian Securities Payable in Canadian 
Dollars to the U.S., by Type of Borrower, 1952-1960 


(Millions of Dollars) 


1952 1953 1954 1955 1956 1957 1958 1959 1960 





New Issues (Gross): 





Government of Canada! - - ] - 7 11 45 


7 27 13 

Provincial Governments! 6 5 6 1 9 l 2 10 ] 

Municipal Governments 4 4 5 2 6 6 3 8 4 

Corporations (bonds) 22 19 34 34 49 46 42 48 38 
Total bonds and 

debentures 32 28 47 38 70 64 93 92 57 


Corporations (stocks) 23 41 8 45 44 24 ] 


-1 
i) 


New Issues (Net): 





Government of Canada! “11 «jf -#8 - -10 10 38 -33 -10 
Provincial Governments! 5 5 4 ] 9 A? oan 8 - 

Municipal Governments 4 3 2 2 5 3 l 4 1 
Corporations (bonds) 21 18 29 16 46 39 27 36 28 


Total bonds and 
debentures 19 ze CU Cy 19 50 53 71 14 20 


Corpcrations (stocks) 23 37 3 40 40 10 3 6 3 





1. Direct and guaranteed. 


Source: The Dominion Bureau of Statistics. 
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o total U.S. holdings of all comparable assets. This, however, would re- 
quire data on the trade in outstanding securities, both with Canada and with 
other countries, classified according to currency of repayment, and these 

data are not available. The regressions which were run used net new Ca- 
nadian dollar issues sold to U.S. investors as the dependent variables. To 
analyze this type of capital flow in such a “partial” manner is to ignore the 
undoubtedly quite important U.S. portfolio changes which are arranged through 
the trade in outstanding securities. Unfortunately, there was no availabe al- 
ternative procedure. 

Therefore, as might have been expected, the regression results, 
tabulated in Table 14, are not as good as the previous ones. No significant 
coefficients could be found for net new Canadian dollar issues of the Gov- 
ernment of Canada, tota! Canadian bonds and debentures, or total Canadian 
(common and preferred) stocks. The lack of response in the case of Ca- 
nadian Government bonds probably reflects the fact that, up until the last 
four years or so, net new issues of this type were primarily accounted for 
by the passive response on the part of U.S. investors to the retirement of 
their holdings. The poor results obtained for U.S. investment in Canadian 
stocks is the product of the facts that much of this investment was induced 
by long-run growth prospects, which are not really measured by stock divi- 
dend yields, and that still more represented the building up of assets by a 
number of U.S. investment companies which were formed during this period 
for special tax treatment reasons. I 

Nevertheless, other types of investment did result in significant slope 
coefficients for the interest rate differential variable. U.S. investors in 
Canadian dollar issues of provinces and municipalities apparently responded 
to provincial-state and federal government yield differentials, respectively, 
and their net purchases of new corporate bond issues were significantly re- 
lated to both industrial and public utility bond yield differentials. In none of 
these equations was the coefficient of the exchange rate expectations variable 
found to be significantly different from zero. Again, if investors had long- 
term intentions, one would not expect too much in the way of response to 
exchange rate expectations. 


3. Canadian Purchases of U.S. New Issues 





The small amounts which Canadians invest in the U.S. new issues 
markets are shown in Table 15. A regression of the type described in the 
previous section was also run on this form of capital flow, using total net 





1. J. Grant Glassco, Royal Commission on Canada’s Economic Prospects, 
Certain Aspects of Taxation Relating to Investment in Canada by Non-resi- 
dents (Ottawa: Queen’s Printer, 1956), p. 19; Lawrence M. Greene, “The 
Investment Company—Useful Medium for American Investment Abroad,” 
Journal of Finance, XIV (December 1959), p. 496; Dominion Bureau of Sta- 
tistics, The Canadian Balance of International Payments, 1959, p. 36. 
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TABLE 14 


Regression Results— Dependent Variables: Net New Issues of Canadian 
Dollar Securities! Sold to U.S. Investors, by Type of Borrower, Quarterly 
1952-1960 




















9 
R -R ; R- 
Constant c u Es 
nH: Bb. FG ee 
Oo ] oO 2 
B.: b&b. *<{*) 32. Bet 
l l (+) 1 2 (~) 
Government of Canada 
No significant results 
Provincial Governments¢ 
Prov.-State Govt. - 1.404 + ,967* + .494 .123 
10 year % (1.385) (.711) (.381) 
Municipal Governments - 
Federal Govt. + 2.839 + (748* - .190 .069 
10 year (3.087) (.491) (.90) 
Corporations (Bonds) 
Industrial - 3.878 + 4.111 ** - .299 131 
25 year? (2.660) (1.889) (.492) 
Public Utility - 1.244 + 3.326 ** - .420 .082 
25 year? (1.905) (1.999) (.524) 


Total Bonds and Debentures 





No significant results 


Corporations (Stocks) 





No significant results 





** Significantly different from zero at the 5 per cent level (one-tailed test). 
* Significantly different from zero at the 10 per cent level (one-tailed test). 


1. In millions of dollars. 
2. Direct and guaranteed. 


3. Term to maturity is approximate. 
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new issues purchased by Canadians in the U.S. as the dependent variable, 

but no significant slope coefficients were uncovered. This inconclusive re- 
sult may be the product of the fact that, as in the previous section, the de- 
pendent variable should allow for the international trade in outstanding secu- 
rities—in this case, trade in U.S. securities. Another important possibility 

is that the dependent variable figures, being very small, suffer from exces- 
sive rounding. On the other hand, it may be that Canadian investments in U.S. 
securities are governed by special factors, such as the desire for risk di- 
versification, and would not show significant response to the independent 
variables being employed even with the best of dependent variable statistics. 


TABLE 15 


Canadian Purchases (Gross and Net) of U.S. New Security Issues, 
1952-19601 


(Millions of Dollars) 


1952 1953 1954 1955 1956 1957 1958 1959 1960 





New Issues (Gross) -5 "1S <-3 -8 “13 -15 -13 -8 “15 


New Issues (Net) -5 -17 -2 -6 -13 -11 -9 -2 -3 





1. Signs indicate the direction of capital flows: (+) for inflows into Canada, 
(-) for capital outflows from Canada. 


Source: The Dominion Bureau of Statistics. 





Ill. The Trade in Outstanding Securities 





In addition to the capital market ties deriving from the flotation of new 
Canadian issues in the United States and the new issue purchases of investors 
of both countries in foreign markets, there are those associated with the ex- 
tensive international trade in outstanding issues of both bonds and stocks. 
The degree of international activity in the markets for outstanding securities, 
and therefore, presumably, their influence in tying together equivalent U.S. 
and Canadian yields, varies greatly, depending upon the type of security in 
question. By far the greatest volume of international trade is found in the 
markets for Canadian and U.S. stocks and Government of Canada securities. 
It is interesting that these particular types of securities were found in the 
previous section not to figure importantly in the achievement of international 
ties through the medium of the new issues markets. Next in volume of trade 
come corporate, provincial, and municipal (in that order) bonds and deben- 
tures. 


The annual net trade in outstanding securities of all the various types 
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is shown in Table 16. As was seen earlier, trade in stocks resulted in a cap- 
ital flow of the reverse direction from that in bonds and debentures. The Ca- 
nadian net purchases of outstanding Canadian bonds and debentures have been 
spread through all of their types, except for the fact that in recent years sales 
of Government of Canada securities to the U.S. have exceeded purchases. 

The net trade in U.S. bonds and debentures has not exhibited as steady a pat- 
tern as that in Canadian securities. Whatever “steadiness” of behavior is 
evident in Table 16 is a little misleading, however, for day-to-day and month- 
to-month movement of this type of international capital flow is actually ex- 
tremely irregular both in amount and in direction. 

The factors underlying the extent and direction of this flow are some- 
what more diverse and complex than those relating to the flow of new issue 
capital. There seems to be substantial agreement that international trade in 
outstanding securities is best looked upon as a short-term capital flow.! That 
this is not the entire story has also, however, been recognized. Much of this 
capital flow undoubtedly involves the purchase of long-term obligations by 
income-conscious, rather than capital-conscious, investors who intend to 
hold them until maturity or for long periods of time. 2 For this type of in- 
vestor, the market in outstanding securities has the advantage of offering 
him a much wider selection of assets among which to choose than he could 
ever find in the new issue market at any particular moment. Still another 
component of the trade in outstanding securities may be transactions involv- 
ing the original issuers of securities, which might better be included under 
“retirements.” 

As has already been mentioned, the fact that D.B.S. monthly data 
on the trade in outstanding securities concern the date of delivery rather 
than the date of the contract is not a serious limitation, since the lag be- 
tween the two is not likely to be more than a few days. Nor are they subject 
to the “lumpiness” problems associated with the new issues data, for this 
trade occurs reasonably steadily from day to day. D.B.S. figures are 





1. Arthur I. Bloomfield, “The Significance of Outstanding Securities in 

the International Movement of Capital,” Canadian Journal of Economics and 
Political Science (November 1940), p. 517; R.A. Radford, “Canada’s Cap- 
ital Inflow, 1946-53,” International Monetary Fund Staff Papers, IV (Feb- 
ruary 1955), pp. 226-27; Donald Bailey Marsh, World Trade and Investment 
(New York: Harcourt, Brace and Co., 1951), p. 59; Richard E. Caves and 
Richard H. Holton, The Canadian Economy, Prospect and Retrospect (Cam- 
bridge: Harvard University Press, 1959), pp. 109-10; Paul Wonnacott, 

The Canadian Dollar, 1948-1958 (Toronto: University of Toronto Press, 
1960), p. 124. 




















2. R. A. Radford, op. cit., pp. 226-27, 238; Dominion Bureau of Sta- 


tistics, The Canadian Balance of International Payments, A Study of 
Methods and Results (Ottawa, 1939), pp. 108, 132-33. 
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TABLE 16 


Canadian Sales Minus Purchases of Outstanding Securities to the U.S., 
by Types, 1952-1960 


(Millions of Dollars) 


Bonds and Debentures 1952 1953 1954 1955 1956 1957 1958 1959 1960 








Canadian: 














Government of Canada! -157 - 64 - 69 - 84 - 21 - 16 20 45 20 
Provincial Governments! - 26 - 17 - 33 - 61 - 15 - 18 - 20- 7- 6 
Municipal Governments ~ oe oo 3 -.7 2 l- @g - 3 
Corporations 14 - 1 iS3- 13 - 2- 28+ 3 - 15 = 23 
Total -173 - 85 - 86 -164 - 36 - 60 - 6 24 7 
U.S. 
U.S. Government - le ] = @ 2: ii] »- 12 3 
Other ] 10 5 3 | l Sa 8 
Total - 9 6 l 7 © J 10 - 15 11 





Total bonds and 











debentures -173 - 76 - 80 -163 - 33 - 72 5 9 4 
Stocks 
Canadian 65 6 85 95 76 i) 68 76 54 
U.S. 7 10 8 28 22 44 30 - 2 8 
Total stocks 72 15 92 122 98 53 98 75 62 








1. Direct and guaranteed. 


Source: The Dominion Bureau of Statistics 
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deficient, however, in one other major respect. Although they are broken 
down according to the type of borrower, no distinction is made between 
securities payable in Canadian dollars and those payable in U.S. dollars. 
This data limitation not only prevents a more detailed analysis of the net 
trade, but it also stands in the way of meaningful interpretation of other types 
of capital flow; this was discovered in the final parts of the section on new 
issues to be a result of the strong likelihood that there exists a high degree of 
substitution on the part of U.S. investors between new and outstanding Ca- 
nadian issues of the same type. It does not, however, impede the regression 
analysis to follow, for the direction of response to the various independent 
variables would be the same regardless of the currency of repayment. 

One other complication which did not arise in the case of new issues 
must be mentioned. This is the possibility of trade between the U.S. and 
third countries in Canadian securities (or trade between Canada and third 
countries in U.S. securities). It is possible that, with unchanged conditions 
in the United Kingdom, a U.S. investor will respond to an increase in the 
attractiveness of Canadian securities relative to U.S. securities by pur- 
chasing the former from a U.K. owner. This trade is not covered in the 
statistics used here, which apply only to U.S.-Canadian transactions. Its P 
relative importance is not, however, likely to be very great. 

Regressions were run using as the dependent variables the monthly 
net trade in outstanding securities of each of the various types from 1952- 
1960.! The results are found in Table 17, which is constructed after the 
model of Table 12. 

It will be noticed that the net trade in every type of Canadian bond 
(and in total Canadian bonds), except for those of the Government of Canada, 
shows a significant slope coefficient associated with the interest rate differ- 
ential. Indeed, the only problem in the cases of provincial and corporate 
bonds and debentures is the selection of the “best” interest rate differential 
variable from the several possibilities. The only interest rate variable 
bearing no apparent relation to net trade is that referring to municipal 
securities. Net trade in U.S. Governments and total U.S. bonds and de- 
bentures also demonstrates response to the federal government yield dif- 
ferential. As was shown above, these positive responses may be due either 
to long-run capital movements in search of income or to short-term flows 
seeking maximum (purely domestic) capital appreciation. Net trade in stocks 
could not be proven to be responsive to international differentials in stock 
yields, whether common or preferred. 

Significant slope coefficients were also found for gc, the proxy for 
short-term exchange rate expectitions, in the net trade of every type of 
Canadian security except for corporate bonds, and in that of U.S. Govern- 
ment securities. These results indicate that much of the trade in outstand- 
ing securities is indeed of a short-term nature, taking place so as to reap 





l. Strictly, from February 1952 until November 1960. 
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Bonds and Debentures 





Canadian 


Govt. of Canada! 





Federal Govt. 
10 year 


Provincial Govts.! 





Federal Govt. 
10 year 


Prov. (State) Govt. 


10 year? 


Industrial 


ie wane 
25 year¢ 


Public Utility 
~ 2 
29 year“ 


Municipal Govts.! 





Federal Govt. 
10 year 


Corporations 





Federal Govt. 
10 year 


Industrial 
25 year? 


Public Utility 
25 year? 
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TABLE 17 


ts—Dependent Variables: 


(Thousands of dollars) 


Canadian Sales Minus 
Purchases of Outstanding Securities, by Types, Monthly, 


1952-1960 















9 
Constant ee Bs ey *. 
H:b, =0 H,:>, =0 H >. =0 
H:b, =(+) H,:b, =(-) H,:b, =(+) 
+ 67,808 + 2,932 - 4,999%** - 71,534 .230 
(50,572) (2,456) ( 979) (51,678) 
- 16,855 +2,887*** - 653** + 13,792 .090 
(18,843) ( 915) ( 365) (19,255) 
B= 33.9 B=19.0 
- 47,981 +2,849*** - 568** +41,941** .144 
(20,752) ( 690) ( 332) (20,677) 
B = 44.4 B= 16.5 B = 20.9 
- 57,048 +5,451*** - 400 + 49,120** .112 
(23,467) (1,534) ( 330) (22,618) 
B= 41.2 B = 24.5 
- 23,576 + 2,423* - 283 + 20,019 .027 
(22,372) (1,485) ( 349) (22,272) 
- 6,994 + 428%* - 163* + 6,926 .043 
( 5,329) ( 259) ( 103) ( 5,445) 
B= 23.0 B=17.2 
- 51,337 + 995* + 313 + 51,263*** .119 
(15,929) ( 774) ( 308) (16,277) 
B=13.6 B=29.8 
- 63,980 + 1,754* + 406 + 62,371*** .120 
(20,061) (1,311) ( 282) (19,507} 
B=15.4 B = 36.2 
- 68,166 + 2,675** + 321 + 66,562*** .146 
(17,997) (1,194) ( 281) (17,917) 
B = 24.0 B = 38.7 


1. Direct and guaranteed. 


2. Term to maturity is approximate. 
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Table 17 (continued) 


S 





























9 
R -R J z R- 
Constant Cc u Es 51 
Total Canadian 
Federal Govt. - 60,314 + 7,649** - 5,270*** + 54,105 .128 
10 year (71,189) (3,458) (1,378) (72,745) 
B= 23.3 B= 39.7 
U.S. 
U.S. Govt. 
Federal Govt. - 29,603 + 1,070* - 387* + 29,787** .059 
10 year (13,999) ( 680) ( 271) (14,305) 
B= 17.2 B=15.4 B=20.3 
Other U.S. 
No significant results 
Total U.S. 
Federal Govt. - 32,287 + 1,327* - 339 + 32,607** .051 
10 year (16,649) ( 809) ( 322) (17,013) 
B= 18.0 B=18.8 
Total Bonds and Debentures 
Federal Govt. - 46,493 +9,036*** - 5,811*** + 39,824 169 
10 year (67,091) (3,259) (1,299) (68,558) 
B = 28.5 B = 45.4 
Canadian: 
Common Stock - 40,725 - 3,188 - 2,380*** + 49,034 .120 
(48,194) (2,675) ( 782) (49,023) 
4 
Preferred Stock - 75,109 + 14] - 1,954** + 83,330** .107 
; (38,955) (1,764) ( 890) (40,130) 
B = 26.9 B=19.6 
; U..: 
No significant results 
| 
: Total Stocks 
[ Common Stock - 10,193 - 2,282 - 1,810** + 18,516 .039 
; (61,552) (3,416) ( 999) (62,611) 
| 
t 
*** Significantly different from zero at the 1 per cent level (one-tailed test). 
a tt tt Wt A a) Wt 5 Al Ww tt Wt " 
q * Ai ai A W Ai ! ai Ww W 


10 1" al 
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returns from expected changes in the exchange rate. The fact that the trade 
in Canadian Government bonds and Canadian stocks, two of the three high- 
volume types of trade, exhibit strong response to this factor is of particular 
interest. The total lack of response on the part of the net trade in outstanding 
Canadian corporate bonds suggests, as Radford surmised, 1 that transactions 
in this type of security reflect longer-run investment decisions; the same may 
be true of the net trade in U.S. stocks. 

The spot exchange rate variable was expressed as the price of the U.S. 
dollar in terms of Canadian dollars. One would therefore expect the sign of the 
slope coefficient to be positive if the earlier reasoning with respect to this 
variable is correct. Significantly positive slope coefficients were, in fact, 
found in the cases of net trade in provincial and corporate (and, very nearly, 
municipal) bonds, and in U.S. Government and total U.S. bonds. Trade in 
Canadian stocks also demonstrated response to this factor in one of the com- 
puted regressions. The insignificant, indeed negative, coefficient associated 
with the spot rate in the case of Government of Canada securities may be the 
result of the same sort of reverse causation which made the use of this vari- 
able inappropriate in the case of new issues. On the other hand, it may imply 
that it is only short-term exchange rate expectations which are relevant to this 
type of trade. In opposite fashion, the net trade in corporate bonds and de- 
bentures is seen to be affected by exchange rate expectations after all, but 
only to those of a somewhat longer-run type. 


C. Summary and Conclusions 





Canadian provincial government, municipal government, and corporate 
borrowers all are influenced by Canadian-U.5S. interest rate differentials in 
their decisions as to the currency in which new security issues are to be pay- 
able. This behavior characteristic of the greatest component of long-term 
capital flows between the U.S. and Canada is undoubtedly a major contributing 
factor to the close links which were earlier found to exist between equivalent 
U.S. and Canadian interest rates. It has not been possible, however, to es- 
tablish conclusively that Canadian borrowers react to interest rate differentials 
of the types which would apply to their own issues. Rather, it appears that they 
are governed primarily by federal government yields, which probably most 
accurately portray the over-all state of capital markets in the two countries. 
The thinness of the Canadian markets for the issues of provincial and munic- 
ipal governments and corporations make this a not unreasonable practice. 

(This practice, incidentally, is more accurately thought of as the considera- 
tion of over-all capital market conditions rather than the more narrow inter- 
pretation—consideration of federal government yields—suggested by the sta- 
tistics.) With the exception of provincial governments, exchange rate ex- 
pectations could not be proven to be of significant importance to Canadian 
borrowers, nor should they have been expected to play major roles in their 
security-issuing decisions. 





1. R. A. Radford, op. cit., p. 238. 
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U.S. investors purchasing new issues (net) of Canadian securities pay- 


able in Canadian dollars also apparently respond to interest rate differentials 
where provincial, municipal, and, especially, corporate securities are con- 
cerned, but they do not do so with respect to their purchases of stocks. Yield 
differentials other than those referring to federal government bonds are found 
to be of greater importance to them than they are to Canadian borrowers. This 


is probably because individual investors, unless dealing in very large amounts, 


need not be as concerned as must borrowers with the implications of thin secu- 
rity markets. Investor practice in the case of Government of Canada new issues 
is unclear because of an apparent lack of U.S. interest 


in them before 1956. 
There is, in any case, some question as to the 


usefulness of analysis of U.S. 
investor behavior which ignores the simultaneously occurring trade in out- 


standing issues. The same is true of Canadian participation (net) in the U.S. 


narket, where no significant response to interest rate differentials 
was uncovered in the data. In neither of these 
capital flow 


new issues 


investor-motivated types of 
were exchange rate expectations found to be of any import; this 
suggests that investments of this type were of a long-run nature. 

Trade in outstanding bonds and debentures, 


since it clearly responds 
to, Canadian- U.S. interest rate differentials, 


provides another major link be- 
tween the capital markets of the two countries. This link appears to exert 
itself mainly through the trade in Canadian provincial, 


municipal, and cor- 
porate securities and that in U.S. Government bonds. Interest rate differ- 
entials are of greater 


r importance (as shown by the significance of the slope 
coefficients and the relative sizes of the beta coefficients) than exchange rate 


expectations in the determination of net trade. The most significant of these 


interest rate responses are again found in the cases of non-federal govern- 
ment yield differentials, since these capital flows are also investor-motivated 
rather than borrower-motivated. As far as Government of Canada securi- 
ties are concerned, the major determinant of net trade is not the relevant 
interest rate differential, but rather the state of expectations as to the fu- 
ture level of the exchange rate. This trade clearly must be comprised very 
largely of short-term capital flows. Net trade in common and preferred 
stocks responds to these exchange rate expectations but is not influenced by 
relative stock yields. 


Thus, capital movements obviously do tend to bind the Canadian and 


U.S. capital markets. All types of Canadian issuers of U.S. dollar bonds 
and debentures have played major roles in this tying together of rates. A 
similar but much smaller role has been played by U.S. 


investors in the Ca- 
nadian new issue market. 


However, both of these types of market-tying 
capital flows occur only at irregular intervals. It is the function of the trade 
in outstanding securities to furnish a steady stream of this tying capital. It 
should be remembered, however, that the trade in outstanding securities is 
not the only source of “steady” ties between the two markets. Among other 
major ones are the imitative forces which produce similar capital flows be- 
tween them and the constant international flow of short-term capital of other 
types. 
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Unifying influences have therefore apparently played a major role in 
North American capital markets, a role which has been little impeded by 
the existence of factors (discussed in Section II of Part A) which would have 
permitted some divergences in observed interest rate behavior. If interest 
rates are considered to be at all significant as decision variables for mone- 
tary policy, the strength of these ties suggests the existence of problems for 
the Canadian monetary authorities. 

The small size of the Canadian capital market relative to its U.S. 
counterpart makes it probable that the observed tendency towards unifica- 
tion of North American capital markets will exert itself through the adjust- 
ment of Canadian towards U.S. interest rates rather than vice versa. Asa 
result, it would appear that the ability of the Bank of Canada to pursue in- 
dependent interest rate policies was, and is, severely limited. This is not 
to state, however, that its ability to pursue a monetary policy independent 
of that of the U.S. authorities is so limited. The flexible Canadian exchange 
rate permits a substantial degree of independence for Canadian monetary 
policy even though very little for Canadian interest rates. The strength of 
the ties between U.S. and Canadian capital markets is such that interna- 
tional capital flows will be produced by any divergence of Canadian and U.S. 
interest rates from their normal relationship to one another. These cap- 
ital flows will result in changes in the exchange rate which will have the 
desired effect upon the Canadian economy. For example, if Canadian mone- 
tary policy were to be tight relatively to U.S. monetary policy, there would 
be a tendency for more capital to flow from the U.S. into Canada (or less to 
flow from Canada into the U.S.), with the result that the value of the Ca- 
nadian dollar would rise. This change in the exchange rate would put pres- 
sure upon Canadian export and import-competing industries. Conversely, 

a relatively easy Canadian policy would stimulate these industries. Thus, 
although it is likely that Canadian monetary policy which diverges signifi- 
cantly from concurrent U.S. policy would have a differential impact upon 
various sectors of the economy, there is no reason for it not to be effective. 

As long as Canadian monetary policy remained “in step” with U.S. 
policy it would operate, of course, in the conventional manner through the 
effects of interest rates upon investment decisions. The factors discussed 
in Section II of Part A would permit a very limited amount of independence 
of interest rate behavior; the conventional effects of interest rates upon in- 
vestment decisions could therefore still play a small role even in an inde- 
pendent Canadian monetary policy. In general, however, monetary inde- 
pendence is achieved through the existence of a flexible exchange rate. 
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Summary: This paper introduces a two-sector growth model which is designed 
© analyze the various patterns of growth and the evolution of the price system. The 
ritical assumption is made that technological change is embodied in the “latest” model 
f capital goods. This gives rise to a whole spectrum of capital goods which differ in 
their productivity, and, consequently, in their relative prices. 

The paper states the sectoral composition of the capital stock when the economy is 
in a competitive equilibrium, and the stability properties of the model. First, the 
issumptions are stated, and then the model itself is constructed. A critical concept of 
“terminal path” is introduced; it describes a path of growth in which all variables change 
at a constant proportional rate. Next, a special case is considered in which technical 
change follows a certain pattern. In this case, the behavior of the system when it is not 
m a terminal path is analyzed. Next, the general terminal path solutions are investi- 
gated and some of their interesting features demonstrated. Finally, the evolution of the 
relative prices of capital goods and the interest rate are analyzed. 

It is assumed that the production functions in the two sectors are of the Cobb- 
Douglas type, and technical change is neutral; this makes tae paper a complete extension 


ff Solow’s recent one-sector model. 
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PATTERNS OF GROWTH AND VALUATION 
IN A TWO-SECTOR MODEL 


Mordecai Kurz 


Introduction 





Modern developments of economic theory brought about impressive 
advances in the theory of economic growth. The great variety of models 
constructed for the purpose of analyzing the developing economy stem from 
great differences in tools of analysis, basic economic concepts and outlook, 
and assumptions regarding market structures. 

Most of the modern “Neoclassical” growth models utilize the idea of 
an aggregate production function and a one-commodity economy. For many 


purposes, these models are sufficient, and a number of impressive results 


have been obtained with their aid. There are, however, many problems in 


growth theory that require at least a two-commodity model for their analysis. 


(1) The Need for Two-Sector Growth Models 





Two of the basic facts of the economic life of a growing economy are 
that it needs capital goods to maintain its growth and that these capital goods 
are produced within the system. 

In reality, there are production units which produce consumer goods 
and production units which produce capital goods. In this sense, a two- 
sector model should be a better approximation to reality than a one-sector 
model. The analytical complexity of a two-sector model, however, is ob- 
viously greater than that of a one-sector model. This is due both to the 
presence of a more complex technology and to the existence of a more com- 
plicated set of necessary economic decisions. 

The fact that capital goods and consumer goods are produced under 
different sets of technological conditions means that the growth of the econ- 
omy depends upon both the technological conditions governing the production 
of consumer goods and those governing the production of capital goods. 
Clearly, a question concerning, for example, the effect on the growth process 
of the differences between the technological conditions governing the produc- 
tion of capital goods and those governing consumer goods cannot arise in a 
one-sector model; it can be answered only with the aid of a two-sector model. 

The analysis of economic questions, as well as technological con- 
siderations, is more interesting and more complex when a two-sector model 
is used. We may be interested in the conditions that the two sectors must 
satisfy in order for competitive equilibrium to exist, e.g., what should be 
the allocation of the capital stock between the sectors? What should be the 
composition of new investments going into each sector? We may ask what 
is the effect of capital mobility between the two sectors? What is the effect 
of technical progress in one or both sectors? 

One of the most interesting problems which cannot arise in a one- 
secto, model but does arise in a two-sector model is as to the behavior of 
the price of capital relative to that of consumer goods. We are interested 
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in the factors which govern the level and the rate of change of this relative 
price. In addition, the discussion of the interest rate in its relations to the 
rate of growth of income and the rate of change of the price of capital be- 

comes richer than in one-sector models. 

There are instances in which conclusions drawn from a one-commodity 
model will not be valid in a model with two commodities. As an example, in 
those one-sector models in which the marginal productivity of capital cannot 
be negative and the interest rate equals the marginal productivity of capital, 
it is clear that the interest rate must be non-negative. This result does not 
necessarily hold for a two-sector model, even if the marginal productivity 


of capital in both sectors is non-negative. 


(2) Technical Progress 





One of the difficult questions faced in the construction of growth models 
is how to incorporate technical progress into the model. In a recent paper, 
R. M. Solow suggested a new way of incorporating technical progress. ! He 
restricts himself to a Cobb-Douglas production function. Capital goods at 
the moment of their construction embody all the latest technical knowledge 
but do not change technologically thereafter. Associated with those capital 
goods produced at any particular point of time, there exists a distinct produc- 
tion function. We can therefore talk of different vintages of capital, but in 
general we shall use the expression “vintage v” to describe both the type of 
capital goods and the production function associated with vintage v capital. 
K(v, t) denotes the amount of capital goods embodying the technological knowl- 
edge of time point v that are being used at time t. L(v,t) is the labor input 
ussociated with the vt vintage of capital. The change in the production 
function through time is assumed to be neutral; consequently, total output 


at time t can be written 
\ l-a a 
F(t) } Ae’ K(v, t) Liv, t) dv . (1) 


Here, e* is the technical improvement factor associated with vintage v cap- 
ital. Interpreting capital goods as “machines,” K(t,t) may be regarded as 

the number of new machines added to the “stock of machines” at time t. 
Given the assumption of profit maximization, the optimal distribution of labor 
over the vintages is determined by equating the wage rate to the marginal 
productivity of labor in all uses. With these assumptions, Solow has shown 
that total output may be written in the following way: 


F(t) = AL(t)"K(t)) @ , (2) 





1. R. M. Solow, “Investment and Technical Progress,” in Mathematical 





Methods in the Social Sciences 1959, Arrow, Karlin, and Suppes, eds., 
(Stanford: Stanford University Press, 1960), pp. 89-104. 
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- -t Ov... A , 
where K(t) 4 e K(v,t)dv, 0 = i and L(t) is the total labor employed 


in the economy. Note that K(t) is a weighted sum of the amounts of capital 
gcods of the various vintages, the weights being given by e’Y . Although the 
stock of capital is heterogeneous, expression (2) suggests that we may look 

at K(t) as “effective capital.” Solow has derived some of the properties of 
this model concerning the valuation of assets and obsolescence, but he rec- 
ognizes the fact that these problems are “more naturally posed in a two-sector 
model.”! 


(3) Plan of Work 
Our plan in this work is to extend Solow’s model into a general equi- 





librium, two-sector growth model of the economy. The model will describe 
various patterns of growth that the economy is capable of exhibiting. We 
are interested in the conditions that such an economy must satisfy in order 
for competitive growth equilibrium to prevail. These conditions will also 
specify the relationships between corresponding variables in the two sectors. 
In this connection, we shall analyze the sectoral composition of the capital 
stock, total labor input, and new investments. We shall also be concerned 
with the evolution of the capital-labor ratio in each sector and the relation- 
ships between the two ratios. 

It will be assumed that the ratio of total savings to total income is a 
constant. We shall be concerned with the influence of this savings ratio on 
the level and the rate of change of the economic variables. This question 
has particular importance for public policy directed towards affecting the 
rate of growth of the economy. 

The next group of questions to be analyzed concern the price implica- 
tions of competitive growth. We are interested in the determinants of the 
price of capital relative to consumer goods and the behavior of this price 
under various patterns of growth. We want to be able to state the conditions 
under which this price will rise, fall, or remain constant through time. 
Since the capital stock in the model is heterogeneous, we shall analyze the 
behavior of both the price of the “latest” model of capital goods and the price 
of “old machines.” As technical change is introduced, these “old machines” 
become obsolete and gradually lose their value. We shall be concerned 
both with the factors which govern the rate of obsolescence and with the 
intensity of this process. 

Finally, the interest rate as defined in the model will be a subject 
for our investigation. We are concerned with the relationships among the 
interest rate, the productivity of capital, the rate of growth of income, and 
the rates of change of the prices of capital goods. We wish to know under 
what conditions the interest rate can become negative. 





Ibid., p. 102. 
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I. The Construction of the Model 





In the introduction, we have indicated the basic concepts that we in- 


tend to use in our model. Let us now proceed to construct the model ina 
rigorous fashion. 


(1) Assumptions of the Model 

(a) There are two sectors: a consumer goods sector and a capital 
goods sector. 

(b) New capital goods always embody the latest technical improvements. 
Once these goods are installed, no further improvements are possible. A 
production function is associated with each vintage of capital goods, and capital 


goods of a given vintage can only be used with their respective production func- 
tions. 





(c) Before installation, a new capital good can be placed in either 
sector, but having been installed in one sector, it has to stay there until the 
end of its economic life, i.e., it cannot be shifted to the other sector. We 
shall refer to this assumption as the “non-shiftability assumption.” 

(d) Labor is exogeneously and inelastically supplied to the market. 
The supply is assumed to be described by the exponential function 
L(t) = L(0)e™t where n is the constant percentage rate of growth of the 
labor force. 

(e) Capital goods do not depreciate physically. 

(f) The production functions of the two sectors are assumed to be of 
the Cobb-Douglas type with a neutral technological improvement factor. In 
symbols, if F(v,t) and G(v,t) are the output of consumer goods and capital 
goods (respectively) in the vth vintage of the respective sector, then 


AV l- 
F(v, t) = Be’ Lv, t)*K(v, t) 
and 


G(v, t) ” Ae” L (wv, PK, 4p F , 


where L(v,t) and L(v, t) are the respective labor inputs and K(v,t) and 
Kg(v,t) are the respective capital inputs. Constant returns to scale are 
assumed, 

(g) The savings ratio is a constant, so that S(t) = sY(t) is the sav- 
ings function. 

(h) Perfect competition prevails; labor is free to move within and 
between sectors and all factors are being paid the value of their marginal 
product, 

(i) There exists no uncertainty concerning the future. Alternatively, 
all expectations are correct and they do materialize. 

As a matter of convenience, a unit of consumer goods at each time t 
is used as a numéraire; the price of consumer goods is identically 1 at all 


points of time. All prices of capital goods are expressed in terms of con- 
sumer goods. 
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We use the terms “labor force” and “population” interchangeably since 


we assume that the total population is employed. 


( 


2) Notation 


In developing our model the following notation will be used: 


F(v,t) — amount of consumer goods produced by vintage v at time t. 
G(v,t) — amount of capital goods produced by vintage v at time t. 
L(v,t) — amount of labor employed by vintage v of consumer goods 


sector at time t. 


L (v,t) — amount of labor employed by vintage v of capital goods 
sector at time t. 


K(v,t) — amount of capital of vintage v employed in the consumer 
goods sector at time t. 


K (v,t) — amount of capital of vintage v employed in the capital goods 


g 
sector at time t. 
r(v,t) —  capital-labor ratio of factors employed in vintage v of the 
consumer goods sector at time t. 
r (v,t) — capital-labor ratio of factors employed in vintage v of the 
, 
6 capital goods sector at time t. 
R(v,t) — rent paid per unit of capital of vintage v employed in the 


consumer goods sector at time t. 


R (v,t) — rent paid per unit of capital of vintage v employed in the 


e capital goods sector at time t. 
a(v,t) — price of capital goods of vintage v employed in the con- 
sumer goods sector at time t. 
a (v,t) — price of capital goods of vintage v employed in the capital 
6 goods sector at time t. 
F(t) — total output of consumer goods at time t. 
G(t) — total output of new capital goods at time t. 
q(t) — the price of a unit of new capital goods at time t. 
Gt — value of output of newly built capital goods at time t. 
L(t) — total labor force at time t. 
l(t) — total labor employed in the consumer goods sector at time t. 
tt) — total labor employed in the capital goods sector at time t. 
W(t) — the wage rate at time t. 
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i(t) — the interest rate at time t. 

Y(t) total income at time t. 

3(t) — total flow of savings (value) at time t. 
I(t) ~ income per capita at time t. 

C(t) — consumption per capita at time t. 


(3) The Construction of the Model 
(3.a) The General Formulation 








Let us first examine the general form of the model without specifying 
the particular form of the production function (assumption f). 

We define income to be the total value of output of the two sectors, 
consumer goods being taken as numéraire. We then have 

. 7 pend 

Y(t) = J F(v, t)dv + q(t) J G(v, t)dv . (1) 

-2 - 

It follows from the assumptions of competitive equilibrium and mobility of 


labor that the value of the marginal product of labor employed at each vintage 
is equal to the wage rate. We then have 


IF (y t) < ; ‘ ‘ 

: W(t) for all v 2 
Liv, t) (t) ra Vv (2) 

and 

G(v, t : F ' 
aft) ea W(t) for all v. (3) 

ol (v, t) 

p 


Strictly speaking, we should write v <t in (2) and (3), but since v is the date 
of construction while t is the date of employment, this inequality is under- 
stood always to hold, 


Total employment is equal to 


nt -t “t 
L(0)e oF Liv, t)dv = ts Se . (4) 


From assumption (g), total savings are related to income by the equation 
S(t) = sY(t) . (5) 


However, the total amount saved is equal to the value of the output of the cap- 
ital goods sector; hence, 


S(t) = q(t) S‘auy, t)av (6) 


, t.. ?’ 
q(t) is the price per unit of newly built capital goods while aa G(v, t)dv is 


the total output of new capital goods. This total has to satisfy one more con- 
dition: 
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— i . " 
_-J Gv, t)dv = K(t, t) + K (t,t) (7) 


(7) simply says that the total output of the capital goods sector at each point 
in time is allocated back in the form of new investments, K(t, t) in the con- 
sumer goods sector and Kp(t, t) in the capital goods sector. We are left with 
the valuation side. During the life of each piece of equipment it will pay rental. 
In our model, there is no physical depreciation, but due to economic reasons 
a capital good may lose its value and eventually be withdrawn from service. 
When a capital good is installed, however, the investor estimates the future 
rentals that he will receive. By assumption (i), the investor knows all his 
future rentals, and by assumption (h), perfect competition prevails. There- 
fore, in equilibrium, the cost of production of a unit of new capital goods 
equals the present value of future rentals in either sector, the present value 
being computed with a common interest rate. Consequently 


_ . - f7iqu)du 
q(t) =, f° SE). ' 


Zz 8 
' aK(t, z) é dz (8) 


and 


- J *iquydu 
q(z)e dz. (9) 


q(t) = f" dG(t, z) 


1 dK(t, z) 


Equations (8) and (9) are based on the assumptions stated above. They could, 

however, also be viewed as the definitions of the uniform interest rate. Note 
. , @ 

that if we differentiate (8) and (9) with respect to t, we obtain“ 


-Z 
' - J ifu)du 
ary « SERS), oS [ePis)i . 


aK(t,t) t° dt |aK(t, z) dz + i(t)q(t) (8a) 


and 


-Z 
- J if(u)du 
t 
e dz 


° — dG(t, t) — d | 9G(t, z 
at) = - Sey te UW loka 
g g 


+ i(t)q(t) . (9a) 


To interpret (8a) and (9a), we have to realize the meaning of q(t). It is the 
price of a unit of the latest vintage of capital goods, where the word “latest” 





1. We shall see that under assumption (f) a capital good is never withdrawn 
from service. 


2. A dot on top of a variable designates its time derivative. 
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is understood in a dynamic sense. Hence q(t) measures the difference be- 
tween the price of a unit of vintage t + dt capital at t + dt, and the price of 
a unit of vintage t capital at t. (8a) and (9a) say that the change in price is 
equal to the interest charges (third term) minus the value of the marginal 
productivity of capital (first term) plus the discounted value of the increase in 
the marginal productivity of the new capital at t (second term) due to tech- 
nological progress at t. It should be noted that the presence of the second 
term is a direct consequence of the assumption that technical progress is em- 
bodied in the “latest” model. 





(3.b) Specialization of Assumption (f) 
By definition (see (1) above) 





AV - , - 
Y(t) 7 "Be " L{v, t)"Kiv, t)' Fay + a(t) sae” 1 gl” PK (, t)? Pay ; (10) 


By assumption (h), all vintages pay the same wage rate; hence, equating the 
value of marginal productivity to the wage rate means (for the consumer 
goods sector) 
j . l-a@ 
a@Be Liv, t) K(v, t) = W(t) forallv. (11) 
Since (11) is true also for v = t we have 


d -1 1- At -] ¥s 
aBe ’1{v,t)” K(v,t) ~ = aBe Lit, t)’ K(t,t) ” . 


Dividing both sides by @B and using the notation of the capital-labor ratio 
r(v,t), we obtain 


A 
T-a*Y) 
r(v,t) = r(t, t)e (12) 
and equivalently 
r » 
l-a l-a 
r(v,tje = r(t, t)e forallv. (12a) 


This equation says that when labor is distributed optimally over the vintages, 

then the ratio between the capital-labor ratio in the tth and the vth vintages 

is inversely related to the difference (t-v) as shown in the diagram below, 

which depicts equation (12), We then see that the older a vintage of capital 

is, the higher is the ratio of capital to labor in that vintage. Note also (equa- 
A 





Vv 


l-a@ ; : 
tion (12a)) that the product r(v, t)e is a constant for each t, independent 


K(v, t 
of v. Now, since by definition r(v,t) = KUv, t) » we have that 
L(y, t) 
A A 
l-a ih, 2 
Biv, te . Kittle independently of v. If we regard K(v, tye! “~ 
Liv, t) L(t, t) 








Vv 
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r(v, t) 


r(t, t) 











Diagram 1 


as “effective capital,” we may say that the ratio between “effective capital” 
and labor is the same for all vintages. 1 A similar argument holds for the 

capital goods sector. Let us keep these considerations in mind for further 
use later. 


By rewriting (12) we can obtain labor employment: 
r 
L(v, t) = rary Ps si (13a) 
and 
K (v, t) ee (v-t) 
Lv. t) ret) e (13b) 


th . 
We know from (10) that the outputs of the v vintage in the two 
sectors are 


F(v,t) = Be’ 1yv, t)*Ktv, ty) (14) 


and 
Gv, t) = Ae” LW, PK WW, ty! “8 (15) 


Using (13) we can write (14) and (15) as 





1. This also raises the question of the units in which capital is measured. 
Discussion of this question follows below. 
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tions, 


tions: 


and 


= a 
1-8 


The facts revealed by equations (12) and (12a) and the form of (14a) and (15a) 
suggest the usefulness of the following definitions: 


Note that equations (1), (4), (6), (7), (8), and (9) are difficult integral equa- 
We want to reformulate the model so as to avoid working with such 


equations. 


l 
t l-a@ an 
mJ é K(v, t)dv , (18) 
Pe 
-t 1-8 Y , 
J € K (v, t)dv P (19) 
-x gp 
o, (20) 
-_ (21) 
g 


K(t) can be viewed as the “effective capital stock” in the consumer goods 
sector and K,(t) as the corresponding variable in the capital goods sector. 
To obtain income, Y(t), we integrate (14a) and (15a) over all vintages. By 
using (16)-(21) we obtain 


Y(t) 


which involves no more integrals. 
equation can be obtained as follows: 


_! L(y, t)dv = R(t)_ S'e°’K(y, tv 


MORDECAI KURZ 
a l 
a l-a@ - l-a@ se 
Br(t,t) « € K(v, t) (14a) 
ee 
-B8 1-8 1-8 2 
Ar (r,t) e e < (v, t) (15a) 
g £ 


A A 
— ; "Tat" 

ae -a - - 

r(t,t) e r(v,t) e for all v (16) 
ales RS ts 
=] 1-8 -1 1-8 
rth < Pr fv, th..4 for all v (17) 
g u 


For mathematical convenience, we introduce the following defini- 


BR(t)*K(t) + a(t)AR_(t) K_(t) , (22) 


Note now that the labor supply = demand 
from (13) we have 


“x 
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+t Tov 
1(t) ‘1 g(V»t)dv = R(t) e . 


= 


K_(v,t)dv 
gt 


and by definitions (18) and (19) we have 


l(t) = R(t)K(t) (23) 
and 5 , : 

L,(t) R,(t)K,(t) ‘ (24) 

t 
hence L(0)e R(t)K(t) + R (t)K (t) . We see, then, that the product of 
- ~ 
R(t)K(t) is the total labor employed in the consumer goods sector while 
R (t)K (t) is the total labor employed in the capital goods sector. This means 
gg 


that we can rewrite (22) as 
a j- B 1 -/ 
Y(t) = BUt)"K(t) * + q(t)Al (t) Kt) # (22a) 
£ ‘J 


Now, from the definitions of K(t) and K (t) we have 
£ 


: ot t ov aKiv. t 
K(t) = e K(t, t) + Je ’ wee dv (25) 
and 
, oO ft ‘ Oo v OK (v, t) 
o 7 5 5 
K (t)= e ~ K (t,t) + a € —_——— dv . (26) 
£ 4 “ '@] 


But, by the non-shiftability assumption, 


dK (x,y) | 


IK(x, y f 
dK y) ~ = 0 for all v 
yy dy 
X=V X=V 
y=t y>t 


Here K(x, y), the amount of capital of vintage x employed at time y in the 
consumer goods sector, is viewed as a function of two variables: the vintage 
and time. The above equation states that the quantity of capital of any vintage 
does not change after its installation. Now, the total volume of new capital 
goods, K(t,t) + m At t), is obtained from (25)-(26): 


-O T 
g ; 
( 


NS 
~] 
-_— 


K(t, t) + K (t,t) = K(t)e + K (t)e 
g 2 


The wage rate equations can now be stated as 


a-1 
aBR(t) = W(t) 
and 


Q(t)BAR_(t) = W(t) 
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The rentals on capital goods of vintage t employed in the consumer goods 
sector at all z >t is B(l-a)e°*R(z)® . If the instrument is employed in the 


t 
capital goods sector, then its rent is q(z)A(1-B)e g R (2) . Hence we have 
Zz. 
- al oa i(u)du 
q(t) ,! B(l-a@je R(z) e dz 
and 
Zz. 
» fs p oP i(u)ju 1 
q(t) ,! q(z)A(1-B8)e = e dz. 
It follows that 
q(t) a 
2 -— -@e R(t) + i(t) +o 
a(t) ait) (1 -a) (t) (t) 
and 
” +, F 
MY) - - ari-gye R(t) + i(t) +o 
q(t) itd g' ) g 


By subtracting one from the other and transposing terms we have 


ot 


=z B(1-a)e” R(t)™ - A(1-B)e ® RW -o-G. (28) 


(28) will prove a very useful equation. This completes the construction. Let 
us summarize by setting forth the entire system: 


¥(t) = BR(t) K(t) + a(HAR (HK (1) (29) 
aBR(t)” | = wit) (30) 
a(tBAR (th * = Wit) (31) 
S(t) = s¥(t) (32) 
S(t) = B 33 
S(t) a(t)AR (t) K (t) (33) 





1. In writing the = sign in these two equations, we assume that new invest- 


ments take place in both sectors. It is conceivable that new capital goods will 


be invested in one sector only for some time. It can be shown that this can 
continue for a finite time only. After this period, investment will take place 
in both sectors. Our analysis proceeds from this point on. 
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s(t) = q(t) Eon + K (1) (34) 
K(t, t) = K(t)e 7 (35) 
; -0 t 
K (t, t) K (te 6 (36) 
nt 

L(0)e = R(t)K R (t)K 37 

(0) (t)K(t) + gi") git) (37) 
Be - [7iqu)ydu 

q(t) = J B(l-aje R(z) e dz (38) 
, ot - [7iqu)du 

a(t) = J’q(z)A(1-B)e ® R (2) e dz (39) 


In the system (29)-(39), we replace (38) or (39) by equation (28). To- 
gether (29)-(37), (28) and either (38) or (39) form a system of 11 equations in 
the 11 unknown time functions: Y(t), S(t), q(t), W(t), R(t), K(t), R At), 


K (t), K(t,t), K (t,t), and i(t). Our aim is to solve and analyze this system. 
g g 


(3.c) A Note on the Units of Capital Goods 

The reader may wonder as to the units in which capital goods of, say, 
vintage v capital are measured. We shall answer this question now. 

In our model, we are free to choose arbitrarily two units: the unit of 
the homogeneous consumer good and the venit for capital goods of some arbi- 
trary vintage. Let us choose a unit for viutage 0 capital. We know that the 
production function associated with vintage 0 capital always produces the 
latest model of capital goods. At some point of time t we can write 





3 1-8 
G(0,t) = AL(O,t) K(0O,t) ~ . 

l l , ails 
If we take A units of labor and a units of capital goods of vintage 0, our 

f f 
production function will produce one unit of capital of vintage t for all t. 
Indeed, we see that if these inputs are kept constant through time, the above 
production function will generate one unit of capital at every point in time. 
The unit of capital goods does not change through time; only the quality of 
capital goods changes in the way we have assumed it to change. 





(4) Some Remarks on the Solution of the Model 

(4.a) The Method of Solution 

It can be shown that the 11-equation system can be reduced by a 
process of elimination to the following 4-equation system: | 














1. The sub-system (40a)-(40b) has the special property that its unknowns are 
the “effective variables” of the original system (K(t), B At) , R(t), and a ne ). 
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t 
L(0)e" = R(t)K(t) + R (t)K (t) (40a) 
g L 
; ‘ -— 
é: B L -ot 3 g 
AK (t)R (t) K(t)e + K (t)e (40b) 
g° 8 g 
l-s 
R(t)K(t) = “LW kk yr (ty (40c) 
a g g 
ot (0-0 ) 
3(l-a tt g 3 1-8 
> R(t) = e R (t) + R (t 40d 
Tey (t) A) + aay BCH (40d) 
It is clear, then, that further reduction of the system will bring it to a single 


differential equation which we shall call “the basic differential equation.” Even 
after the solution for this equation is obtained for each one of the cases to be 

considered, there is still one more step to carry out: the variables R(t), K(t), 
Ro(t), and K,(t) have to be translated back into the variables that they conceal, 


e.g., the capital-labor ratios. 


(4.b) Stability Analysis! 





In the presentation of the results, the following important concepts will 


be used. 


Definition 1: A set of values of the 11 variables is said to be a competitive 
equilibrium if it satisfies equations (29)-(39). We shall use the 


“ . ; “ . . TA 
shorter term “equilibrium” to mean “competitive equilibrium.”¢ 





We define the time point t = 0 to be the starting point for our analysis. The 
history of the system for t < 0 is regarded at time zero as the initial condi- 
tions. In obtaining the competitive solution for t = 0, we state the conditions 
that the initial conditions have to satisfy in order for competitive equilibrium 
to obtain and be maintained for all t>0. 


Definition 2: A collection of 11 time functions whose set of values for each t 
is a competitive equilibrium is said to be a terminal path if each 








1. For an interesting discussion see Thomas F. Dernburg and James P. 
Quirk, “Per Capita Output and Technological Progress,” Institute for Quan- 
titative Research in Economics and Management, Purdue University, Institute 
Paper No. 7 (1960). 


2. A solution for the model is compatible with the usual notion of competitive 
equilibrium except for the fact that our preference ordering is peculiar; it is 
defined on income and requires a constant savings ratio over time. In the 
absence of a satisfactory theory of choice over time we shall restrict our- 
selves to this assumption. For the usual definition of preference ordering 
and its relationship to the definition of competitive equilibrium, see for ex- 
ample K. J. Arrow and G. Debreu, “Existence of an Equilibrium for a Com- 
petitive Economy,” Econometrica, XXII (1954), pp. 265-90. 
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one of the 11 time functions develops through time at a constant 
rate of change. 


A “terminal path” is usually called a “golden age solution” in the economics 
literature. It is felt, however, that this is an unfortunate term. 

In general, there are initial conditions for the system which will place 
it in competitive equilibrium; | however, these conditions are not necessarily 
sufficient for the system to be on a terminal path. Three questions arise 
immediately: 

1. Does a terminal path exist? 

2. If it exists, is it unique? (Uniqueness means that there is only 
one set of initial conditions which place the system on a terminal 
path.) 

3. If it is unique, does the system, in the limit, approach it (in some 

well-defined sense)? 
Stability analysis deals with the third of these questions. In answering this 
question we shall be concerned only with the variable “income per capita.” 
If I(t) is any equilibrium solution for income per capita, and if a unique 
“terminal path” solution for I(t) exists, namely I(t), (I(t) # I(t)), then we 
shall make the following 





Definition: The system is said to be stable if lim (I(t)-I(t))=0. ¢ 


t+. 








1. We shall be concerned with the conditions for the existence of a com- 
petitive equilibrium. 


2. Stability of growth processes have been considered many times in the 


economic literature. P. A. Samuelson and R. M. Solow [“Balanced Growth 
Under Constant Returns to Scale,” Econometrica, XXI (July 1953), pp. 412- 





24] have considered an n commodity model with outputs ViVoVg +++ Vn- The 
model was said to be stable if, starting from any initial conditions, the ratios 
+ * * ‘ a 
V,:V5:Vqi...:V. converged to some ratios v,:v,:...v_. T. W. Swan 
. wae n l° 2 n 


[ “Economic Growth and Capital Accumulation,” The Economic Record, XXXII 
(November 1956), pp. 334-61] and H. Uzawa [“Neutral Inventions and the 
Stability of Growth Equilibrium,” Review of Economic Studies, XXVIII (2) 

No. 76 (February 1961), pp. 117-24] define a stable one-sector model to be 
one in which the capital-output ratio converges to a constant. Solow [“A Con- 
tribution to the Theory of Economic Growth,” Quarterly Journal of Economics, 
LXX (1956), pp. 65-94] defines stability to be the convergence to a constant 
of the capital-labor ratio, although the capital-labor ratio never converges 
when technical progress is present in the model. There is some similarity 
between our definition of stability and the Swan-Uzawa definition, although 
ours imposes stronger requirements. It can be shown that a model which is 











stable in our sense must also be stable in the Swan-Uzawa sense. 
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As an example of the general form in which solutions are presented in 


this work, we shall take income Y(t). Then Y(0) designates the initial level 
of income at time t 0, Y(0) is the unique (if it exists) initial terminal path 
level of income, and Y(t) will be shown as a function of Y{0), Y(0) - Y(0), 
and time. The same will be true for all other variables. 


(4.c) The Problem of the “General” Solution 

The “general” case is the one in which A>0, y>0, n>0, 0<a<1, 
6<8<1, O@<s 1, A>O, and B>O. Inthis case, both labor and capital 
are used by the two sectors, constant returns to scale prevail, technological 





progress takes place in both sectors, and consumers neither consume nor 
save all their income. Here we impose no restrictions on the relationships 
between these parameters; e.g., the rates of technical progress may or may 
not be the same in both sectors. Without going into details, we can say that a 
general solution is possible in principle. Unfortunately, the mathematical 
complexity of the solution is so great that it is hard to solve it and more com- 
plex to interpret it. Therefore, only “terminal path” solutions will be ob- 
tained. We cannot carry out stability analysis because, in these solutions, 
the initial conditions of the system must be consistent with the terminal path. 
It is interesting, however, that if we put some a priori restrictions 
on the parameters, say b= 1 or 0=0,, and solve the system for these spe- 
cial cases, we can obtain most of the economic properties of the model. In 
the present paper, we shall restrict ourselves to the “usual” range of the 
parameters @ and 8, namely 0<a@<1 and 0<8<1, and also A >0O and 
y >0O. This means that we shall not present here the behavior of the system 
on the boundary and when technical progress is absent. 


(5) Preliminary Results 





The existence of competitive equilibrium imposes upon our variables 
a certain path of behavior which depends upon the special case at hand. There 
are, however, some general relationships that are always true. Let us ob- 
serve these now. 

Following directly from the assumption of a constant savings ratio we 
have that 


F(t) | Value of consumer goods produced att — Il-s 


G (t) Value of new capital goods produced at t ~ 
q 





Consequently, the rate of growth of F(t) must always be equal to the rate of 
- G (t) 
F(t a Ay 
growth of G (t), namely: a) for all t when competitive equilib- 
q F(t) GC) 


rium prevails. 
The competitive equilibrium conditions on the sectoral composition of 
the labor force are as follows:! 





1. The interested reader can easily derive these conditions from the 
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1(t) 


Total labor employed in the consumer goods sector 


: a1 -s) L(o)e"" 





a 1-8)4Bs ae 
A AY = Total labor employed in the capital goods sector 
Y Bs nt 
= 0 “ 
Mi-syps O°! (42) 
wriousty 2. = Sis) , | | | 
Obviously = (t) 86 . Thatis, the ratio between labor inputs in the two 


g 
sectors is a constant. 


The conditions on relative factor shares are: 





Relative labor share = (1-s)a@ + sf 
Relative capital share = (1-s)(1-a@) + s(1-8) . 


This shows that in a two-sector model relative shares are sensitive to the 
savings ratio. 

These last few results show also how the model builds its own “ag- 
gregation procedure.” The savings and consumption ratios become the 


weights of the above sums. Note also that if L(t) is the total supply of labor, 
then it follows from (la) that 


1 (t) 
Mid: pallaerar epi a 


= ) i 
L(t) L(t) a(l-s)+8s a(l-s)+8s 


wn 


Obviously, the expression on either side is always equal to 1, but the form of 
the components is interesting. 

It follows from the constancy of the factors’ shares that the rate at 
which the wage rate rises must be equal to the rate at which income per 
capita grows. Consequently, a general fact is that 


x). , WY) 


Y(t) Way’ 


or, the rate of growth of income is equal to the rate of growth of the labor 
force plus the rate at which the wage rate rises. 

In general, the existence of competitive equilibrium imposes a certain 
relationship between the capital stocks of the two sectors; that is, there 
exists a certain composition of capital which is optimal. If we consider, for 
example, the case of no technical change, then K(t) is the capital stock (in 
the usual sense) in the consumer goods sector and K,(t) is the capital stock 





sub-system (40) by using equations (40a) and (40c). One solves first for 
R(t)K(t) and then for RAE At) . From equation (23) and (24), we know 


that 1(t) = R(t)K d 1 (t)=R (t)K (t) . 
at 1(t) (t)K(t) an git) a” git) 


419 



































MORDECAI KURZ 


in the capital goods sector. The competitive equilibrium composition has to 
be 
l-s)(l-a@ 
K(t) tit) th K (t) . (43) 
s (1-8) g 


The composition of the capital stock will be different for different cases, but 
the existence of some relationship is a general fact. 


Il. Technical Similarity: ¢o = g, 


4 
5 





We indicated at the end of Section! the difficulties involved in obtain- 
ing the solutions for the general case in which the economy is not on the term- 
inal path. We analyze our model, therefore, by considering special cases. 
Among those cases in which technical progress is present and for which we 
can obtain the solutions for non-terminal path situations, the case 0 = Og is 
the most general. In the present section we shall present the results for this 
case. 

In the first part of this section, we shall give an intuitive explanation 
for 0 and O,,, and the significance of the assumption 0 = 0g, > 0. The re- 
sults will be described in the second part. The third part will contain the 
solutions in formulae, while some proofs and derivations will be presented 
in the fourth part. 


(1) The Meaning of 0 and g 
= 

We start by inspecting R(v,t) and Rolv, t), the rentals paid out at t to 
a unit of the vt) vintage capital employed in the consumer and the capital 





goods sectors respectively We have that! 


R(v,t) = BUl-aje” A(t)” (1) 
and 
OV 
R (v,t) =q(t)A(1-8)e © R (t) . (2) 
g ¥ 


From equation (28), Section I, we have for the tth vintage that 


ot . 
B(1-a)e” R(t)* - q(t)A(1-B)e 8 Ry = (9 =o )a(t) 


If we plot the distribution of the rents over the vintages, we obtain 
the following picture (Diagram 1l—drawn for ¢0 >0@ ). 
- 


Had the two curves R(v,t) and R,(v,t) been drawn on logarithmic 
paper, they would have been straight lines, R(v, t) with a slope 0 and 


Ro(v, t) with a slope Ty 


It is clear that, when 0 > Og » the rents paid at t to all capital vin- 
tages with date of construction v, V(t) <v<t, are higher in the consumer 





1. See Section I, equations (26) and (27). 
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goods sector than in the capital goods sector. For capital vintages with date 
of construction earlier than v,(t), the rents are higher in the capital goods 
sector. We see now that when o = Tg, the two distribution curves in the 
diagram become identical; this means that the rents paid by the two sectors 
are the same for all vintages of capital. What, then, is the meaning that we 
could give to 0 and o, ? 








Rents 


(9-0,,) a(t) 





| 








0 
V(t) t 
Diagram 1 


We can think of the rate at which capital rentals change as depend- 
ing upon three factors: the change in the wage rate, the change in the price 
of capital, and the independent change in capital productivity due to tech- 
nical progress through time.! We assert, then, that o is that component 
in the rate of change of the rental of new capital employed in the consumer 
goods sector which is due to increased capital productivity. %g is the 
corresponding component in the rate of increase of rental paid to new cap- 
ital goods in the capital goods sector. The exact relations are as follows: 


R(t, t) eee * W(t) (3) 

















R(t, t) l-a@ W(t) ’ 
R (t,t 
“ed 1 at) 6 Wit) jo 


= Oo et 
Rt t) g 1-8 q(t) 1-8 W(t) 





1, Strictly speaking, such a distinction cannot be made since the wage 
rate, rents, and price of capital all are dependent variables, and they all 
depend upon the independent parameters of the system. The discussion in 
the text should be viewed as aimed to strengthen intuition only. 
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Rit t m At ¢) 
R(t, t) a 


Rit, t) nd ww are the percentage changes in the rentals paid to a unit 
; g , 


of the latest! vintage of capital employed in the consumer and capital goods 
sectors respectively. The proofs for formulae (3) and (4) are given in part 
(4) of this section. 

Because of their special nature we shall call 0 and 0, “The Rates 
of Independent Increases of Rentals Due to Technical Progress,” abbreviated 
by “RIR.” 


(2) The Results 

(2.a) General 

When we solve the system (29)-(39) (Section |) for the present case, 
we obtain an equilibrium relationship between the variables K(t) and K,(t) e 
This relationship is 





l-s)(l-a@ 


At) = nn a(1-B) 


K {t) : (5) 
(5) reminds us of condition (43) of Section I, which was for the case of no 
technical progress. We have to remember, however, that because technical 
change is present, K(t) and K,(t) are the “effective” capital stocks (see 
Section I, equations (18), (19)). The relationship between new investment 
in the consumer and in the capital goods sectors is the same as between 

K(t) and Kg(t), namely 


K(t,t) _ (1-s)(1-a) | 








K (t,t) s(1-B) (Sa) 

g 
The fundamental differential equation is now 

- B Cy B 

K t= t 
g’? = As(1-8) sp Li0)e ( B . (6) 

K (t)' 8 (1-s)(1-a@)+s(1-8) | (1-s)a+s8 
£ 


After we soive this equation we return to the original system to obtain the 
time path of all the variables of the system. 


1-a@ 
On the terminal path, the rate of growth of income is n + CG. 


That is, it is equal to the rate of growth of population plus the expression 


a ; ; , 
wr 0, where 0 is the common RIR of the two sectors. Obviously, income 


, 


per capita and consumption per capita are rising on the terminal path at the 





1. We emphasize the word “latest” since these rates indicate the difference 
between the rent in vintage t at time t and vintage t+dt at time t+dt. It 
is not the difference between the rent paid by vintage t at time t and the 
rent paid by vintage t at time t+dt,. 
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l-a@ “ ” . 
rate i i Oo. We then see that the “Iron Law” holds in the present case; the 
savings ratic does not influence the limiting rate of growth of income. 
Since the capital stock is not homogeneous, we cannot speak of “the” 
capital-labor ratio. Our model shows that on the terminal path the capital- 
labor ratios in the latest vintages rise at the same rate in the two sectors. 





1-8 
This rate is equal to a o.1 The equality of the rates can be explained as 


follows. We saw in (5a) that the rates of new investments in the two sectors 
are proportional; we also know that the rate at which labor input rises in the 
two sectors is the same; we would therefore expect these two capital-labor 
ratios to change at the same rate. 

The situation in old vintages is slightly different. Our model predicts 
that the rate at which the capital-labor ratio will rise in old vintages is the 
same for all vintages, regardless of the sector in which capital is employed. 





1-8 
This uniform limiting rate is 0 + 3 0 and it is higher than the rate at 


which the ratio rises in the latest vintage. The existence of a difference be- 
tween the two rates can be explained simply. The productivity of labor in- 
creases in the “latest” vintage because of two factors, technological improve- 
ments and increase in the ratio between capital and labor. This is not the 
case for old vintages. They can follow the rising wage rate only by changing 
the ratio of their inputs. Following the rising productivity of labor in the 
“latest” vintages, labor will constantly flow from old to new vintages. But, 
since all pay the same wage rate, the rising productivity due to technical 
progress in the latest vintages has a compensating effect, so that the capital- 
labor ratios in these vintages rise less rapidly than the capital-labor ratios 
in old vintages. 

This reveals an interesting fact. The rising wage rate causes a 
movement of labor from old industries to the new ones; this, in turn, im- 
plies a continuous decline in the rent per unit of capital in old vintages. This 
fact is the basis of Diagram 1 in Part (1) of the present section. 

When technical progress is present, the evolution of the wage rate no 
longer depends solely upon the evolution of the capital labor ratio. It is 
interesting that when a@ > 8, the wage rate rises more slowly than the capital- 
labor ratio in the latest vintage, and when 8 > a, it rises more rapidly. We 
note also that the rates at which the wage rate and the capital-labor ratios 
rise on the terminal path are independent of the rate of growth of population. 
This means that the rate of increase of the standard of living of our hypo- 
thetical economic community will not depend, in the long run, upon the rate 
at which this community grows. 

The patterns of growth of our economy when it is not on the terminal 








1. We shall see in Section III that the rising capital-labor ratio in the latest 
vintage is due to the existence of technical progress in the capital goods 
sector only. 
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path will be summarized with the aid of Diagram 2. Denote by Y(0) the initial 
terminal path level of income. Now let us choose six hypothetical initial 
levels of income, Y,(0), Y9(0), Y3(9), Y'(0), Y2(0), and Y¥3(0), such that 
¥ 2(0) < ¥9(0) < ¥,(0) < Y¥(0) < ¥1(0) < ¥2(0) < ¥3(0).1 That is, Y3(0) is the 
most underdeveloped country and Y¥ 3(0) is the most “overdeveloped” country. 
Now let us denote by y(t) and yJ(t) the rates of growth implied by these hypo- 
thetical conditions. 

In the following diagram, the horizontal line represents the constant 


, l-a@ 
rate of growth of income, n+ 


\ 





go, on the terminal path. The family of 


Y(t) \ 
Y(t P~% 
= % 
\ \ 
\ \ y(t) 
\ ~- 
\ . Y(t) \ 
\ . 4 ~ 
Ny, (t)% ‘ 
““N ~ ~ 
l- ' " ~ — Ne ma 
n+——90 a ae a 


/ 








Diagram 2 


curves is created by the different initial conditions of the economy. All 
patterns of growth converge eventually to the terminal path rate of growth. 

The diagram shows that the economy with the lowest initial income, 
namely Y.(0), will grow at the fastest rate. The economy with the highest 
initial income, namely Y¥3(0), will grow at the slowest rate. - 





1. Here again, L(0) is the same for all these initial conditions. They 
differ only in their initial capital stocks. 


2. For proof, see technical note (4.b) in this section. This proof shows an 


interesting asymmetry: as initial income tends to zero, its percentage rate 
of growth tends to infinity, but when the initial income level tends to infinity, 
its rate of growth does not tend to 0. It tends to an. 
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If we examine I(t), income per capita, we find that the competitive 
equilibrium solution is 


l-a 
B B B B 
my = aes = 
I(t) hoy oe" + ine - Be le 


For the underdeveloped country, the initial level I(0) is smaller than the 
terminal path level of income per capita. It is clear that income per capita 


will grow on the terminal path at the rate 





a . , 
0; before reaching the terminal 




















l-a@ 
path, however, I(t) will grow at a rate higher than e o . The following 
diagrams show the level and rate of growth of income per capita. 
I(t) \ 
1(t) | \ 
\ 
\ 
\ 
\ 
_ 
“~ 
~ 
7 — 
l 2, — a a 
B 
t t 
Diagram 3a Diagram 3b 


The convergence of I(t) to I(t) is not always achieved. Whenever 
I(t) does converge to I(t), we say that the model is stable. The stability 
: B g 
condition for the case at handis = > 
l-a@ Bnto 
cient condition for stability is @a+fB>1. 





Since Bn + 0 > O, a suffi- 


We can turn now to the valuation side. The presence of technical 
progress forces the price of new capital goods to change on the terminal 
B 
of the price depends upon the difference (8-q@); if @ > 8, the price falls, 
and if a < 8, the price rises. The movement of the price when the economy 
is not on the terminal path is, however, more complex. Again we start with 
B-a 
q(t), the terminal path value of the price. We know that q(t) = q(O)e ' 





path at a rate as. We see that the direction of the secular movement 


ot 
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Two cases are considered. 


Case (A) The Underdeveloped Economy 





(a) If a > B, the initial price q(0) will be greater than q(0); but since 
it converges to the falling terminal path value of q(t), the actual price q(t) 


3-a 
will initially decline more rapidly than =o . (Diagram 4a) 
f 


q(t) 


q(0) } 


q(0) 











Diagram 4a 


(b) If 8 > a, then the initial price q(0) is smaller than q(0). Since 
q(t) converges to the rising terminal path level of G(t), it will initially have 
B-a 


B 





to rise more rapidly than o. (Diagram 4b) 


q(t) 


q(0) 





q(9) 








Diagram 4b 
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Case (B) The Overdeveloped Economy 





(a) If a > @, the initial price q(0) will be smaller than (0) and there- 
fore q(t) will have to decline towards the falling q(t) at a lower rate than 


—— 0. (Diagram 4c) 


B-a@ 
3 


q(t) 


q(0) 


q(0) 











Diagram 4c 


(b) If a < 8, the initial price q(0) will be higher than q(0) and there- 
fore q(t) will have to rise towards the rising q(t) at a lower rate than 


B-a 


; (Diagram 4d) 


q(t) 


q(0) 





q(0) 








Diagram 4d 
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Further analysis of the valuation problem (obsolescence, the price of 
“old” capital goods, and the interest rate) will be presented in Section IV. 


(2.6) The Role of the Savings Ratio 





The “Iron Law” of growth theory states that the rate of growth of in- 
me on the terminal path is independent of the savings ratio. We may anti- 
cipate a result of the next section in stating that, on the terminal path of the 
“General Case,” the rate of growth of income is 


X(t) n+ar+cet,, 
Y(t) P 


where A and y are the rates of technological progress in the consumer and 


capital goods sectors respectively. It is seen, then, that the “Iron Law’ 


holds in the general case. It is interesting, however, to ask under what con- 
ditions this law breaks down. In a separate work, we shall show that in the 
case when 8 = O (the capital goods sector uses capital but no labor), the 


savings ratio does influence the limiting rate of growth. In the present work, 
however, we shall restrict ourselves to the “usual” range of the parameters, 
namely 0<a<1 and0<8 l 

The savings ratio does have other important influences: on the term- 
inal path it influences the level of the variables, and in non-terminal path 
situations both the levels and the rates of growth are functions of the savings 
ratio. Some of these relationships will now be discussed. 

Since one aim of the economy is consumption, we are interested in 
how the savings ratio influences the level of consumption per capita on the 
terminal path. | To answer this question, consider an array of economies 
which have identical parameters except for their savings ratio. Assume 
also that all of them are in competitive equilibrium and on their terminal 
paths. The important result is that? 


[he economy in which the savings ratio equals the relative 
capital share [s (1-s)(1-a@)+s(1-8)] is the one with the 
highest terminal path level of consumption per capita. 











Note that a special case of this requirement is the celebrated assump- 
tion that “workers consume all their income and capitalists save all their 
rents.” We notice also that in the Von-Neumann model of growth this assump- 
tion is made implicitly. We may ask, therefore, as to the relationship be- 
tween the rate of growth of income and the interest rate in our model. We 
shall see (below, equation (22)) that, on the terminal path, the rate of interest 
(for the case 0 o >0O) is 


£ 





1. The effect of the savings ratio on the level of income is more complex. 
Discussion and general conditions are given in the next section. 


2. For proof, see Part (4.a) below. 
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n 0 1-@)(1-s)+(1-3)s 
i(t) — (1-a@)(1-s)+(1-8)s += ( M { } (22) 
Equating the savings ratio to the relative capital share means 
(1-s)(1-q@)+s(1-8). Using this equality in (22), we have 
l-a@ Y(t 
1) <n + ee 


We conclude that when the savings ratio equals the relative capital 





share, the rate of interest on the terminal path equals the rate of 





- 7 
growth of income. * 





We then see that our result is similar to the result of the Von-Neumann model. 
There is an important proposition that we can make about the rate of 
growth of consumption per capita when the economy is not on the terminal path. 


Consider an array of economies which are identical in all their parameters 


except their savings ratio. They are assumed to be in competitive equilibria, “ 
but not on their terminal paths. Assume that all these economies start, at 
time ft 0, with the same level of consumption per capita. Our proposition 


concerning which economy will have the highest rate of growth of consumption 


among all the economies with the same initial level of con- 





sumption per capita, the one in which the savings ratio 





equals the relative capital share has (uniformly for all time 





points t > 0) the highest rate of growth of consumption per 





capita. In the limit, the rates of growth of ali these econo- 


l-a@ 2 
mies converge to the constant rate - y 








We summarize this discussion with diagram 5. 

Diagram 5 illustrates the terminal paths (solid lines) and the actual 
growth paths (dotted lines) of consumption per capita in the array of econo- 
mies which differ only in their savings ratios. Each path converges to its 
own terminal path. The economy in which the savings ratio equals the rela- 
tive capital share is represented by the bold-face lines. We can see that this 
economy will have the highest terminal path level of consumption per capita, 
and will approach the path at a faster rate than all the other economies 


vhich start from the same initial level of consumption per capita, 





1. A more general discussion of this point is given in Section IV. 
2. This immediately implies that they will have different compositions of 
the capital stocks. 


> 


For proof, see Part (4.b) below. 
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Diagram 5 


(3) The Evolution of the Economy through Time in Formulae 
Let us again start with income. The solution is 








lea 
ce Pay tp 6 87) 2 |B 

Y(t) = Zo)! a l-a B ‘ yo)! ~% - 0)! ea (7) 

and 
l-a@ 
Ba 8 shine As (1-8) Ee 
~~. ai-s)+8s 1(0) ai Z| s(1-8)+(1-s)(1-a@) ont » (Ta) 
8 

and clearly 

ny Y(t) n + 3 Oo. (8) 








We see that the limiting rate of growth of income is equal to the rate : 
; l-a@ 
of growth of the labor force plus the expression - in 0, where oO is the com- 
Y ' 
mon RIR of the two sectors. Note that 0 = 1-2 = = ; consequently 
l-a@ —_ A 
B B° 
If C(t) is consumption per capita, then 
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l-@ 
8 8 B B 
- L-a@ |- - =| 
C(t) Eo) %e7* + | coy) "% - Gop!" | 7PM" (9) 
vnere 
1-@ l-a@ 
: Ba(l-s) |8(1-a@) As(1-8) l B 
0 fs) 
SAMS a(1-s)+6s | a(l1-B) s(1-8)+(1-s)(1-q) n+2 (5a) 
B 
nd clearly 
lim c(t ae “ (10) 
C(t) 3 . 
t+ 


The immediate conclusions we draw are then: 
(a) When technological progress is present, the limiting rate of 
srowth of income is higher than the limiting rate of growth of population, so 


that consumption per capita will eventually be rising at the constant rate 


l-a@ 


(b) The “Iron Law” holds in the present case, i.e., the savings ratio 
does not affect the limiting rate of growth of income. 
We see then, that, as opposed to the case of no technical progress, 
Ss no upper limit to the amount of consumption per capita that the 


here there i 
In Section III, we shall analyze the differences in the 


economy can provide. 
contributions of the two rates of technical change to the rising per capita con- 


We turn now to the capital-labor ratio. When we consider the latest 
we shall show that the rate at which capital is invested in this latest 
increases at a higher rate than the input of labor. This is revealed 
In the consumer goods sector we have 


Vintage, 
vintage 


in the following results. 


r(t, t) F(0, oe Ft , | r(0, 0) . r(0, 0) | g CORTE nn 
vnere 
1 
(1-a)8 As(1-8) 1/8 (s10) 





r(0, 0) (1-B)a (1-a)(1-s)+s(1-8) n+= 


In the capital goods sector we have 


: P i= -B(n+o)t | B 
r (t,t) . (0, oe! 3)ot | : (0, oy” - F (0, 0)}e 3(n+o)t 
g g g P 
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where 





l 
As(l- { 
r (0,0) As( 3) ; . (12a) 
g (1-a@)(1-s)+s(1i-8) oe 
n+— 
B | 
and from (11) and (12) we have that 
r (t, t) 
“(t,t 4 1-8 
um Shee? = ym eee = Sg | (13) 
r(t, t) r (t, t) 8 
x t+-< g 


We see that the existence of technological change causes the rise in 
the capital-labor ratio in newly installed vintages. We turn now to the 
ipital-labor ratios in old vintages. From the discussion in Section I (equa- 
tion (12)) we have that 
g t-v) 
r(v, t) e r 


(t, t) 
and 


7(t-Vv 
r (v, t) e ( I, 
g 4 


(t,t). 
Consequently, we must have 


r(v, t r(t, t . 
Oo + rt. t) for all 


: v 14 
r(v, t) r(t, t) (14) 
anda 
r (v, t) r (t,t) 
~—— = 9 + &—— forall v (15) 
r (v, t) r (t,t) 
S ~ 
and, by (13), we have ; 
I t of hd 1-8 Y 
r(v, ; Z > , 
lim rv, t) lim ~— = o0+—"og == forallv. (16) 
r(v, t) r (v, t) 8 8 


We have then two conclusions: 

(a) The capital-labor ratios in all vintages of both sectors change 
at the same rate (see equation (16)). 

(b) The capital-labor ratio in old vintages increases faster than the 
capital-labor ratio in the “latest” vintage. 

Let us also note that the limiting rate of increase of the capital-labor 
ratio and of the wage rate (to be seen shortly) does not depend upon n, the 
rate of growth of the labor force. This, again, is one more aspect of the 


“Tron Law.” 


We turn now to the wage rate. The solution in this case is 
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l1-a@ 
B 8 B rs} 
. —- l-@ ot 1-a@ — 1- - t 
W(t) Ww(0) e + | W(0) - W(0) " e pa . (17) 
1-ay3 | '~% As(1-8 113 
W(0) = aB oe eS) Dae (17a) 
(1-B)a (1-a({1-s)+s(1-8) 42 
n+— 
8 
and clearly 
, W(t) l-a@ 
l > es @ *; 
im Wit) 5 (18) 
t-+@ 
Note that (18) can be written as 
l-a@ 7b yg! f= 2 
B 8 B B 
Hence, by (13), we have 
Wit r(t,t) a@-8 
lim =ae = lim -=—=——d¢., (19) 
W(t) r(t, t) 8 
t-@ t+-@ 


This says that when technical progress is present, the limiting rate at which 
the wage rate rises is equal to the limiting rate at which the capital-labor ratio 


. . a-B a . » a-B 
in the latest vintage rises, minus the expression =—- 0 . The sign of ——o0 


depends upon the technological differences between the sectors (represented 
by @ and 8B). If 8 is smaller than a, the wage rate will rise faster than the 
capital-labor ratio in the latest vintage. 





(3.a) The Price of Capital and the Interest Rate 
In the present section we shall state only the results; further analysis 
is given in Section IV. 





The evolution of the price of new capital goods is 


8 


B 3 
— a B-a .,.8-a@ -Bnt ; 
q(t) = |G@(0) e + }[q(0) - q(0) e (20) 


where 


als 





WN 


. + 


B- 
0) - Ba [G-a8 ‘“*) _as(1-8) fess 
¢ AB |(1-B)a@ (1-s)(1-a)+s(1-8) go ; 

B 


and consequently 
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im a : 2 i (21) 

t#-< 

We see that technical progress will induce a continuous price change 
through time. This is contrasted with the development program without tech- 
nical improvements, where the price of capital becomes a constant. The 
major question is in which direction the price will change. It is clear from 
(21) that the direction of change depends upon the difference between @ and 6, 
the production parameters of the two sectors. If 8B is smaller than a, there 
will be a decline in the price. If 8 is greater than a, the price will rise. ! 

Finally, the limiting rate of interest is 





im i(t) = (1-a@)(1-s)+(1-8)s += ii-aithne2*f) < - 


5 


Note that the first component is precisely the limiting interest rate when there 
is no technical progress. The second component arises, obviously, from the 
presence of such progress. 

We note also that in the present case, evenif n= 0, the interest rate 
does not become equal to 0. It is possible, however, in the present case, 
that the interest rate will become negative. The complete analysis is left for 
Section IV. 


(4) Technical Notes and Proofs 
(4.a) The Meaning of 0 and o 
J 








We shall now prove the results stated in equations (3) and (4) and 
hence the interpretation we have given to 0 and Og 


We required the wage rate paid by all vintages to be the same; hence, 





; Av a-1.. l-a@ At @-1.. l-a@ 
W(t) aBe Liv, t) K(v, t) = aBe Lit, t) K(t, t) 
A l-a@ A l-a 
y ’it 
l-a@ l-a@ 
or at r(v, t) = le r(t, t) p 
d 
and since =~ Oo, we have 
l-a@ 
Ov ot 
e r(v,t) = e r(t,t) for all v (23) 


Ov e 
This means that, for each t, the product e r(v,t) is the’same for all v 


l ot Ov 
=e r(t,t) =e r(v,t) 


for all v. Consequently we can write the wage rate 


Indeed, this motivated our transformation R(t) 








l. The results concerning price behavior when the system is not on the 
terminal path are obtained by computing the percentage rate of change of 
q(t) in (20). ' 
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W(t) = aBR(t)*”! 


In the same way, for the capital goods sector we obtain 


b- 


Wit) = BAKE At) 
The rent on new capital in the consumer goods sector is 


R(t, t) = B(1-a)e** L(t, t)*K(t, a7 


= B(l-a)e R(t)” . 


From (24) we have 


R(t) __1_ W(t) 
R(t) a-1 W(t) 


and from (26) we obtain 


R(t, t) tt =-=o+a R(t) ° 
R(t, t) R(t) 


Combine (27) and (28) to obtain 


Rit.t)_, . a W(t 


R(t, t) l-@ W(t) 
Similarly, the rental in the capital goods sector is 
ot 


R (t, t)=q(t)A(1-B)e & R (ty? 
x g 


From (25) and (30) we have 


Bb Wit). _8 at, , e 

B-1 W(t) B-1 q(t) ° R(t) 
and : 

R (t, t) : R (t) 

ain ssl ‘ 

m At t) q(t) m At) g 


from (31) and (32) we have 


R (t, t) 
~ aan 


Consequently, 





(25) 


(26) 


(27) 


(28) 


(29) 


(30) 


(31) 
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R (t, t) 
v l q(t 1 W(t 
oli ee. ee Se (33) 
R (t, t) 1-8 q(t) g 1-8 W(t) 
/) and (33) establish our contention. It should be clear that 0 and GO, are 
a) 
se components in the rates of change of the rents paid by the latest vintage 


which are due to technical progress. 


(4.b) The Relationship between the Initial Stage of Development and 
the Initial Rate of Growth 








In Part (2), we stated that there is an inverse relationship between the 
ate of growth and the initial stage of development (see Diagram 2). We 
shall now prove this proposition. 


Y(0) is the initial level of income and Y(0) is the terminal path initial 








evel of income. Let y(t) be the proportionate rate of growth of income, and 
‘(0 
e [4(0) ¥(0) 
Y(0) 
Theorem: The rate of growth of income, y(t), is inversely related to 
dy 1 
L(0) : Or dy(t) 
LAY) 11(0) 
Proof From (7) we compute y(t) 
8 3 l-a@ 3 3 | ap 
l-a@ x 1-av Bp "}' ap l l-a@| 1 - 
) — _ ( - i 7 — - - 
ny » 2:2 Ba (rg? 9) Fo! pee” 2X) 5 
yet) 3 l-a@ 3 3°] a8 
y l-a\t B | l-a@ l-a@ q 
_ -( - - —_ - - 
Y(0) é + | Y(0) - Y(0) é 


8 8 , l-a@ oh 
—_ ay Bea x 
: -e at B 
We then divide through by Y(0) e using the notation 


Yio 
p(9) aiee . We obtain 








¥(0) 
af 
fa+4:2 0) spre coy | | , ~(Bnto)t 
(t) (34) 
14 uco)' - e ~(ento)t 
1-a -(Gn+o)t 
Now let | u(0) ~ - 1] « eatin X(u(0)) ; (35) 
l-a@ f 
(wie ) + anX(p(0)) 
then (t) ; (36) 


X(4(0)) 











YALE ECONOMIC ESSAYS 


dy(t) dy(t) dX 
du(0) 9X  dp(o) 


From the definition of X(u(0)) (35) we have 














3 
—— - | 

dX -(Gn+o)t l- 

= g NTN | ED (oy > 0 

dyu(0) l-a@ 

l-a@ l-a@ 
7 ay(t) a@n(1+X) - (n+2 Oo + nx) (l-a@)n + 3 oO 
aii xX D = 2 . 0 , 
(1+X) (1+X) 

ly(t 
hence Stak <6 Q. E.D. 

dy(0) 


From equation (7) we can obtain the rate of growth of income at t= 0 
We then have 





[ B 
l-a@ z+ 
(n+ > o)s an | (0) i l 
y(0) s (37) 
ES 
l-a@ 
(0) 
and from (37) we see that 
lim y(0) =« (38) 
(0) + 0 
ind 
lim y(0) an. (39) 
i(0) > © 


Y(0 . 
Hence, when the ratio Tho tends to O, the initial rate of growth tends tom, 
Y(0 


and as the ratio tends to «, the initial rate of growth tends to an. This com- 


pletes the proof for the validity of the diagram used above. 


(4.c) Stability Properties 





We stated earlier the conditions for the convergence of I(t), income per 
ipita, to I(t), the terminal path level. We shall now prove their validity. 
It is clear from the equations we presented that, in the present case, 
there exists a unique terminal path. To examine the convergence of I(t) ,» income 


per capita, we have 


l- 
+ p rw —= 
l-a ot l-a =, 1-1 -Bnt 
I(t) I(0) m - + I(0) e. I(0) * e " (40) 
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l-a@ 
308 B(1-a) As(1-8) l 7o\ 3 
(0) = a 1-s)+8s bed rao mn o 


By the definition of stability we say that the system is stable if 


lim [i . Ut} = 0 


t<- « 


where 


| 








where 
1-@ 
‘ = ot 
I(t) = [(O)e ' (41) 
hence (40) and (41) yield 
1-a 
I(t) = I(t)  « xt] , (42) 
where 
e a 
l-a@ 
x(t) = | | 42 -tleen. (42a) 


Consequently, 


i-a 
I(t) - I(t) = I(t) E + X(t)) i |. 


Now the limiting value of [1+ - i(t)] depends upon the rate at which [(t) in- 





l-a 
creases, and upon the rate at which Z(t) = | (1+X(t)) Wiis lj decreases to 0. 
Now 
aa. 
l-a@ B dxX(t 
. —— (1 + X(t 
Z(t) _ 8 ( (t)) dt 
Z(t) l-a@ 
a+ x(tyy ? - 4 


By applying L’Hospital’s rule we find that 


lim AY .. (8nt+o) . 


too 
I(t) _ 1- 
Since ra = = 0, our stability condition is then 


l-a@ 
Bn + hotles as 0 


, 
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3 Gg 
- mum 43 
l-a@ 5 Bnt+o (49) 


which is the condition stated earlier. 


(4.d) The Influence of the Savings Ratio 





(d.1) We start by considering the level of consumption per capita. 
From equations (9)-(10) we have that on the terminal path, C(t), the level of 











onsumption per capita, is (for the case 0 o >0) 
g= 
1-a@ 
Wr ws 

C(t) C(0)e 

where 
l-a@ 1-a@ 
G0) 304 1-s) B(1-a@) As(1-8) 1 8 
; a{i-s)+6s |a(1-8) s(1-8)+(1-s)(1-a) n+2, 
B 


Theorem Il: C(t), the level of consumption per capita on the terminal path, 
attains an absolute interior maximum with respect to s for 
0<s<1 at s* = s*(1-8)+(1-s')(1-q). 

Proof: Maximization of C(t) is equivalent to the maximization of C(0) 
with respect to s. We then take 


d log C(0) _ _ 3 1 ¥ (1-a)* 
ds (1-s) a@1l-s)+6s Bs [(1-s)(1-a@)+s(1-8)] 





If we let s* = (1-s*)(1-a@)+s*(1-8) 


then 1-s* = a{1-s*)+8s* 


Consequently 








7 2 
d log C(0) > ‘ (1-a@) 
is 2 2 
(I-s) Bs * 
22 2 2 
-B s_ +(1-q@) (1-s) 
‘ 2 2 
Bs (1-s) — Pa 








_ ((-ay(1-s)+8s) ((1-a)(1-s)-8s) 
2 2 
Bs (1-s) “ 


Ss * & 


Clearly (1-a@)(1-s*) + Bs* >0 ; however, (1-a)(1-s*) - Bs* = 0 since 
0 = (1-s*)(1-a) + s*(1-8) - s* = (1-s*)(1-a) - Bs" 


% dc(0 
This proves that when s (1-s*)(1-a) + s'(1-8), then ae 
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| 
a log C(0) _ 8 [-a(1-s)-Bs+(1-s)(B-a) ) 
. (1-8) [a(1-s)+8s]° 
_ Gay" (1-s\1-a}+a(1-8)+s(0-8) 
: s"[ (1-s)(1-a)+s(1-8) 
Evaluating this expression at s* (1-s*)(1-a@)+s*(1-8) yields 
d — C(O) _ _ ~ = [(1-8)ta] _ Gay [(1-B)ta] < 0. | 
(1-s*) Bs* 
Hence C(0) attains an interior maximum at s* = (1-s*)(1-a@)+s*(1-8) > 


prove that it is the absolute maximum for 0 <s <1 consider the expression 


for . Taking a common denominator, the numerator, N(s), 


N(s) = -B°s + lot1-2) #4 Ys s + (1-a) 211-89] 


For s = 0, N(0)>O0 and for s = 0. But since N(s) is quadratic 
in s, it can equal zero only at one Rev ls for O<s<1. Q.E.D 


(d.2) Turning now to the rate of growth of an underdeveloped economy, 
we know from equation (9) that 


l- 
C(t) Grey to P cio)! \ Go! “* | (9) 


Theorem 2: The rate of growth of consumption per capita will attain its ab- 
solute interior maximum with respect to s, among all economies 
with the same initial level of consumption per capita, when 
s” = (1-s*)(1-a)+s*(1-8) . 





Proof 
3 x 7 
l- . l- l- -Bnt 
d . . Lea oG(0) * - pn loro) %- Gop Me™ 
— log C(t) = —* = 
dt B 7 B ~- 
l- t l- l- -B t 
G0) “*%e"* + [ccoy “* - Goy “Je ”™ 








ft... 
l-a@ 


— ot 
Dividing by C(0) e yields 
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- B 
7 
| 8 ~Ba (2 ) _ | e-Bntoyt 
¢ -a@ & al 
Fy log Cit) . 2 - (0) ; = (44) 
cio) \'~ -(Bn+o)t 
1 +4(<O -1} eum 
C(0) 
We maximize expression (44) with respect to s. 
os 
l- 
0 - 
Let X(t) = (ga) - e Bator (45) 
hence 
l- 
— = o - (1-a)nX(t) 
d log C(t) = 8 
== 10 - 
dt ~® 1 + X(t) 
hence 


. (1-a)n (1+X(t)) - Cai ioe g - (1-anxit)] 








d d ds 
ds (s log Cit )) - 2 
[1 + X(t)] 
: s —t , (46) 
[1+ X(t) ] 





: l , ' , 
Since (l-a)n + 0 is positive by assumption, expression (46) will 


1X(t 

be equal to zero only if a = 0. 
ds 

From (45), 


dC(0) ot a0) ¢ , 
dX(t) _ @ (Antojt 8 ds 49) - (0) 





ds l-a@ oe 
C(0) 
However, since all economies have the same initial level of consumption per 
dC(0 
capita, oe = 0. Hence 
ds 


dX(t) _ 8 . -(Bnto)t 4 [ sa] , 
ds l- Go)” ds 


dxX(t dc(0 
thus a will be equal to 0 when a = 0 


But we know from theorem 1 
s 
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dco 
that “ 0 only when s* (1-s*)\(1 -a)+s*(1 -B), hence the rate of growth 
us 


also maximized at s* = capital share. A second derivative test will show 


the same result as in theorem 1. 


{1l. The General Solution 





In Section I we stated that, in principle, the general solution can be 
obtained for any initial conditions. The great mathematical complexity in- 
volved makes it unfeasible, however, to obtain the solutions for non-terminal 
path initial conditions. In this section, therefore, we present the solutions 
for the terminal path of the “General Case.” In the first part, we state the 





way in which the results of the general case elaborate on or alter the results 
of the previous sections. In the second part, the solutions are presented in 
detail. The proofs are contained in Part (3). 

(1) The Results 


(1.a) Multiplicity of “Terminal Path” Levels 
We learn from the analysis of the general case that the level of the 








terminal path is not always unique. That is, there are situations in which 
there are two sets of initial conditions (for t = 0) such that if the system 
starts from either one of them, it will continue to grow at a constant rate. 
It is the case, however, that the rates of growth are always unique. 

To make this statement more precise consider the variable Ro(t) . 


-O t 
-1 
We recall that R(t) e & r y(t, t) . It can be shown that the terminal 
path solution of R,(t) is 
G 
ool 
~ 8 
R (t) = De (1) 
g 
where 
] 


R (0) = D=r (0,0 
JM a! ) 


The constant D is the terminal path level of the variable Ro(t) at t = 0. 

We shall use this constant in presenting the solutions later in this section. 

In Part (3.a) below, however, we prove that, in general, the level D is not 

unique. It follows that the initial terminal path levels of all the variables of 

the system are not always unique. The exact conditions are stated as follows: 
Letw=o0- c/ then : 


Case 1: w> 0: In this case there exists a unique level of the terminal path. 





Case 2: w< 0: There are two terminal path levels. I 








1. The economic meaning of this multiplicity is not clear. It is conjectured 
here that one of the terminal paths is stable and the other is unstable. There 
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There is one special case that we shall need in Section IV. If we assume 
that the savings ratio equals the relative capital share, so that s = (1-a)(1-s)+(1-8)s, 
then we have the following two solutions for D8 : 


0 
ick +e 
4 , (2) 
1 A(1-8) 
and 
f l 
Dp,” = -= (2a) 


It is clear that, for the case w>0O, the level of the terminal path is ee 
(since we do not accept a negative solution for D). We shall accept D, as 
the level of the terminal path for DA. It is remarkable, however, that D,f 
is independent of w and of any parameter of the consumer goods sector. 


(1.b) Asymmetry in the Effects of the Rates of Technical Progress 
The rate of growth of income on the terminal path in the general case 





Y(t) - ~ oe l-a 
Z(t) n +(l-a)(w + B ) a ra 7 B ; (3) 


The following chart helps to see what (3) adds to our knowledge: 











Case Rate of growth of income (terminal path) 
No Technical Changej n =n 
l-a@ A l-@ y 
Oo + — Co = +_— = + —— + 
* n 5 n 3 n 1-8 B 
i- 
General Case n + Fo + (1-a\w = nt+rat+—Sy 








We then see that when technical progress is present, the rate of 





are some indications which allow us to make a conjecture as to which is the 
stable solution. We cannot, however, offer a conclusive answer to this 
question since we do not have the solutions for the behavior of the system 
in non-terminal path situations. The dynamics of a two-sector model in 
non-terminal path situations is a broad subject still to be investigated. 


1. The conjecture (as we mentioned earlier) is that (2a) is the unstable 
solution. We accept (2) because it will always be a solution regardless of 
the sign of w. 


2. We remind the reader that A is the rate of technological progress in 
the consumer goods sector and y is the rate of technical progress in the 
capital goods sector. 
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growth of income is higher than n. Inthe case 0 = 9 we cannot distinguish 


g? 
between the effects of technical progress of the two sectors (note that 

l-a@ A 1 -a@)) ite F 
nte=—dOrn +—7*n 7 (“oy ). The general case shows us that the rate of 

3 3 (1-8), 

growth of income is equal to the rate of growth of the labor force, plus the rate 
of technical progress in the consumer goods sector, plus the expression 
l-a@ 
ris y . We see, then, that technical progress in the consumer goods sector 


contributes A to the rate of growth of income; technical progress in the cap- 


l-@ " . - 
ital goods sector contributes i y to the rate of growth of income. Note, 


however, that this fundamental asymmetry is intimately related to the asym- 
metric role that the parameters @ and 8 play in the model. We illustrate 























this with the aid of Diagram 1. Take the rate of growth of income on the 
Y l-a Y 
terminal path. We have 7 nt+At ; y . If we plot = against a@ and 8 
we have two diagrams: * 
Y 
¥ 
y 
ij 
A>0O y >0 
} 
eh eed aE, 
| 
NtAb @ ow ew ew wm ew ow oe oe ; 
! 
' | 
! | 
| 
' | 
, | 
j 
0 l a 0 1 


Diagram 1 


As @ changes from 1 to 0 (for a given 8, A, and y), the rate of 
growth of income increases, but it has the upper limit n +A + y. When 
8 tends from 1 to 0, the rate of growth of income becomes explosive. 

We should realize that the parameters @ and 8 have a few very 


important properties. To clarify this point, consider any production 
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function f(K, L) . We make the following 


Definition: For a given production function, the rate at which the marginal 


productivity of capital diminishes (RDMPC), Q, is 


i) 


—@* (oe 1 (4) 


af 
8K 








-— : ‘ 
Note that BK is the increase in output due to an increase of one unit of capital. 
The reduction in the marginal productivity of this factor causes an implicit re- 
2 

OS a) F é . 
duction ——5 K in capital rents. The smaller Q is, the weaker is the effect 

dK 
of RDMPC on rents. In the extreme case when Q = 0, the marginal pro- 
ductivity of capital is a constant and does not decline. In most models, the 
RDMPC depends upon the level of inputs or their ratio; we shall see that this 
is not the case for the Cobb-Douglas production function. 

Let Q be the rate of diminishing marginal productivity of capital in 
the consumer goods sector and let Qg be the rate in the capital goods sector. 


T+ 


It can be shown that 
Q =a 


and a.n8 (5) 
£ 


We then see that both Q@ and Q, are independent of the level of inputs, the 
ratio between capital and labor, and the vintage chosen. They are purely 








technological measures. 

We conclude that the contribution of the rate of technical progress in 
the capital goods sector (y) to the rate of growth of income is inversely re- 
lated to the RDMPC in the capital goods sector. Note that the effect of y on 
the rate of growth of income is also inversely related to a, the RDMPC in 
the consumer goods sector. This, however, has a different effect because 

ln, a ' 
the contribution <a is linear in @, but hyperbolic in 6B. 

The asymmetry involved thus has two aspects: the two rates of tech- 
nological progress have asymmetric contributions to the terminal path rate 
of growth of income due to different coefficients of A and y in aan (equa- 
Y(t) 
tion (3)). The differences in the coefficients reflect the asymmetric role 
that the parameters @ and 8 play in the model. 





1. We shall not attempt to give an intuitive explanation for the basic asym- 
metry that we are discussing. The following remarks emphasize only the 
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It might be thought that the asymmetry is due to the choice of the 
numéraire. This is not the case. The reader may satisfy himself of this by 
choosing a unit of capital goods of any vintage as a numéraire. Divide the 
value of income (in terms of consumer goods) by the price of that good (the 
price can be obtained in Section IV). The asymmetric nature of the results 
does not change. 


(1.c) The Capital-Labor Ratios 

We saw in Section II that the capital-labor ratios are not constant 
on the terminal path when technical progress is present. Let us now com- 
pare the “general case” with the case 0 = 0 

We start with the proportionate rate of change of the capital-labor 
ratio in the “latest” vintage. It is in general true that the rate is the same 
for the two sectors. The comparison of the general case with the case 
0 Og shows that 





1-8 
in the case 0 = Oo , the rate is ——~—oO, and 
g 
‘ ” ° 1-8 
for the “general case,” the rate is 73° 
: ~ 


The true reason for the increase in the capital-labor ratio in the 
latest vintages is the presence of technical progress in the capital goods 
sector. If 9, = 0, then the ratio in which labor is combined with the 
latest model of capital goods is the same through time. Only when capital 
goods become old does the number of workers per machine decline because 
of a constant flow of workers from old to new vintages. 

In Section II (o = 5), the rate at which the capital-labor ratio rises 





. 0 = 7) 
in old vintages is 3 for all vintages and for both sectors. In the “general 


case’ the story is different. The percentage rate of change of the capital- 
labor ratios in “old” vintages is the same within a given sector but different 





most important elements in the argument. 

First, we should observe again the asymmetric role the two goods play 
in the economy. Consumer goods are consumed and consequently withdrawn 
from the system. Capital goods are being fed back into the system for fur- 
ther production. 

Second, let us observe what happens in the extreme cases. When Q be- 
comes small and tends to 0, the consumer goods sector tends to attract a 
larger fraction of new capital goods and, eventually, to expand the rate of 
output more rapidly. This tendency is limited by the RDMPC in the capital 
goods sector. When Q, is smaller and tends to 0, the capital goods sector 
is the one which tends to expand its output. In this case, however, the lack 
of DMPC in this sector allows this expansion to take place since the expanded 


output of capital goods is put back into the system for production of more con- 


sumer and capital goods. Technological progress in the capital goods sector 
acts as an accelerator to this process. 
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for the two sectors. The rate is, » 


in the consumer goods sector, w + £ " ana 


in the capital goods sector, —£ 


Hence, if w > 0, the rate is higher in the consumer goods sector, and if 
Ww 0, the rate is higher in the capital goods sector. Since w =@0- 0 
the meaning of the above results is that the rate at which workers move 
toward more modern capital vintages is higher in the sector with the higher 
RIR. If a =8, then the rate is higher in the sector with the higher rate of 
technical progress. 


, 


It is important to see that, as the capital-labor ratio rises in a given 
vintage, the rental paid to a unit of capital falls, and consequently the price 


of this “old” capital good declines. We shall return to this problem in the 
next section. 


(1.d) The Effect of the Savings Ratio on Income 

We shall now consider the influence of the savings ratio on the ter- 
minal path level of income, a consideration we ignored when we discussed 
the effects of the savings ratio in Section II. 





Suppose we consider two economies which are identical except for 
their savings ratio. Both are assumed to be on their terminal path. It is 
rather interesting that the economy with the higher savings ratio may or 
may not have a higher level of income on the terminal path. The general 
conditions are: 

(1) If w > 0 and a>&8, then the economy with the higher savings ratio 
will always have a higher level of income on the terminal path. 
(2) The condition for the economy with the higher savings ratio to have 

a lower level of income is 


{ -B “4 
a-8 < (1-a) dD A(1-8)+w(1-8)D (6) 
a@mi-s)+8s ds 8 





1l- 
A(1-8)D+wD 
where 


aM ln+o+the 
2 B g 


dD 7 


— o ; (6a) 
| (. + “£ )upp'®! + sav? 'ac.-0)| 


lwtoe-gdg 








2. Note that D is the initial terminal path level of the variable Ro(t) ; 


It is stated implicitly by equation (29) in the “technical notes” below. 


3. For proof, see the technical notes below. 
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If we want to understand how this phenomenon is possible, we must remember 
that income is composed of consumer goods and capital goods. Differences 

in the savings ratio result in differences in the composition of real output and 
a different price of capital goods. 

One might think that this phenomenon is due to the choice of numéraire 
(consumer goods). This is not the case. For example, take the case 0 = 0 
If one chooses capital goods in any vintage of either sector as numéraire, 
then the condition for the level of income (in terms of this new numéraire) to 
be smaller in the economy with the higher savings ratio is 

a-£8 (1-a)(1-8) 


a oe : 7 
a@1-s)+Cs Bs[(1-a)(1-s)+s(1-8)] (7) 





This condition is independent of the vintage or sector (for the case 0 = 0 ). 


(2) The Solutions in Formulae 





Here we present the actual terminal path solutions for the general case 
In the results to be presented, we shall use the symbol D to refer to the initial 








terminal path value of Re(t), as discussed in Part (1l.a) above. I 
The terminal path value for income is: 
a 7 
n+(1-a@) |w + 3 
Y(t) = Y(O)e (8) 
and 
3 0 -— i-@ 
AD “he 4 Bs 
. aB 
Yy(0) = -—-——— L(0) (8a) 
a@1-s)+8s Dat 1-s) 4 eB n 
; ( B 8 
Y t 7 
and clearly MU =n + (l-q@) [w + ) 
Y(t) B 
1-8 
n+(l-a)ioc+=-—0¢ 
B g 
l-a@ 
nt+A+=—jy. (9) 
rf) 


We conclude that on the terminal path the rate of growth of income is equal 
to the rate of growth of the labor force (n) plus the rate of technological im- 
provements in the consumer goods sector (A) plus the expression 

l-a@ , , ' 

ar 3 y, where y is the rate of technological improvements in the capital 


goods sector. We note the asymmetry in the contributions of the two rates 














1. For implicit solution of D see technical note (3.a), equation (29), below. 
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of technological progress to the growth of income. 
The capital-labor ratios! in the two sectors behave as follows: In the 


consumer goods sector 


1-8 
ed 
r(t,t) =r(0,0)je" & (10) 
where 
r(0,0) = SB(t-0) (10a) 





a] a(1-8)D+ wp! 8) 


and in the capital goods sector 


1-8 
—— <Q t 
r (tt) =F(0,0)° 8 (11) 
r , - 4 , 
g g 
and 
r (0,0) : l 
r . ae Ll< 
g D (1a) 
It is clear, then, that 
- r (t,t) 1-8 
a sees = dae 2 (12) 
r(t,t) r (t,t) Bg 8B 
g 


(12) is very significant; it says that r(t,t), the capital-labor ratio in the con- 
sumer goods sector, and ry(tt), the capital-labor ratio in the capital goods 








’ ; Y 
sector, both rise on the terminal path at the same constant rate B? which 





depends upon the rate of technological improvements in the capital goods 
sector only. It is inversely related to the parameter 8, and as 8 becomes 
smaller, the rate at which the capital-labor ratio rises increases. 

In a model with technological progress, the wage rate does not depend 
upon the capital-labor ratio only. The solution for W(t) is 











a . (1-a@) g+bg t 
W(t) = W(O0)e at hy (13) 


and 





1. Note that r(t,t) is the capital-labor ratio in the latest vintage of the con- 


We refer to it as “the capital-labor ratio” since, for 


a(t-v) 


any v, the following relation holds: r(v,t) =e r(t,t); hence, when r(t,t) 
r(v,t) is determined for allv. The relation is similar for the 


sumer goods sector. 


is given, 
capital goods sector. 
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o l1-a@ 
[av? -n- -- Bs 
W(0) =a@B 1-3 (13a) 
a D(1-s) [a +o + 3 | 





E | 
> 
+ 

' 

Ww 


(l-a) {|o go d+ (1-a) & ; (14) 


B g 


< 
- 
_ 


t) 


We see that, in the limit, the rate at which the wage rate rises de- 





pends both upon the rising capital-labor ratio (at the rate ry and upon the 





ndependent increase in labor productivity through time. 





An important ratio is the composition-of-new-investments ratio, 


K(t,t 
ut) = seein 


In the present solution we have 





K, (t,t) 
g 
AD - In — 
i( t) , —, (15) 
n + 


We see, then, that this ratio is a constant. We note that when 0=¢_, 


l-s)(l-a@ 2 
i(t) (15a) 
s(1-8) 
If we assume that all profits are saved while all wages are consumed, then 
} 
+ —_—_— 6 
Ry) aie, (16) 


We conclude that the composition of new investments described by the ratio 


i(t) is completely determined by the parameters, and any variations in them 


will have considerable effect on u(t). 


The two variables, K(t) and K,(t), which represent the “effective 


Capital stox ks, have the solutions 
J 
nt+9O rt —2 1 
; = B = 
R(t) = Kco)e (17) 
where 





A8(1-a)(1-s) 
[a{l-s)+8s][A(1-8)D+wD —] 


K(0) L(0) (17a) 


and 
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. 
(ua) 





K (t) = K (0)e (18) 
g g 
where 
K (0) = Bs 18 
g [a(1-s)+8s]D ¢p Gne 
It follows that 
K(t o, 
LU. -ntwt— where w=0-0d (19) 
K(t) 8 g 
and 
K (t) Gg 
a n + x (20) 
y(t) B 


We see that the two “effective capital stocks” do not have to rise at the same 
rate. Indeed, the sector with the higher RIR will experience a higher rate of 
growth of its “effective” capital stock. 

We now turn to the valuation side. The solution for q(t), the price of 


new capital goods, is 




















0g 
(1-a@) (. “)s + _ ot 
q(t) = q(O)e ’ : 5 (21) 
where 
a 4 1-a 
3 -£ ) 
a Bap* ” (aD -n- 3 3s las 
a9) AG 1-B on 
@l-s) {n+oO + 0 
a Al. 
Clearly 
a(t . 1-8 3-a 
gt) = (l-a@) | w + = + =—<¢ (l-a)w + Og: (22) 
q(t) 3 B a 8 L 


The prices of “old” capital goods, a(v,t) and a (v,t), are obtained 
' 49 g 

from the following equations. I 

For the consumer goods sector 


atv,t) =e ant) 





zs For proof, see Section IV, Part (3). 
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n to é pita goods ector 
-0 (t-v) 


Finally, the terminal path solution for the interest rate is 
y 


(t) = (1-a)w —- (B-a) - 9 +A(1-G)D° . (23) 
g 


( 3) Technical Notes 


In this part, we deal with the multiplicity of terminal path levels and 





the effect of the savings ratio on the level of income. 


(3.a) Multiplicity of “Terminal Path Levels” 
Let us start with the variable R (t). We recall that R (t) 
£ g 





é r (t,t) . It can be shown that the terminal path solution for R (t) is 
fe g 
J 
nome 
R (t) = De (24) 


where 

. 1] 

R (0)=Der (0,0) (24a) 

Our problem now is to investigate the value of D and its uniqueness. 
[The method that we use for the solution of this problem is as follows. 

We have shown in Section I that our original system reduces to the 
following 4 equations 


-O ft 
A -Ot y. g . 3 
K(t)e + K (t)e AK (t)R (t) (25) 
£ g g 
AB(1 st “« 1-8 
A -a@) < g =| 
e R - A(1l-B)e ~R (t O0-oO )R (t 26 
_ (t) - A(1-B)e © R(t) = (7-7 R(t) (26) 
; d-] nt - 
R(t)K(t) = —= L(0)e (27) 
, l nt 
R At At) q L(O)e (28) 


where 


4-819) . 1 
4c 





1. This sub-system is the same as sub-system (40) in Section I; a few 
changes were made in presenting it. 
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We use equations (26), (27), and (28) to eliminate K(t), R(t) and K,(t), 
and hence we are left with one equation in R(t) and R,(t). Now we insert 
(24) in this equation and put t= 0. This leaves us with one equation which in- 











volves the parameters of the system and D. This equation is: 
1-8 ‘ 
A(i-s)l-a@)|n+o0+—o | n+— 3 
B g + B . AD (29) 
1-8 D D F. 
s [au-syp + wD ' | 
where W Gg -@ 
g 
Now let 
A(1-a@)(1-s) 
d= . 
0 s 
l- 
d n+o + p _ ie (30) 
Bg 
and 
d, = A(l-8). 
Equation (29) can then be written as 
Ad Dp”? id +(d.- d. - Aw)D - wid. - = 0 31 
Ad, D - (dod, + (d, w)d, Aw) w(d, wy=0. (31) 
3 


Now let D =y 
and E = did, + (d, - w)d, -Aw . (32) 
Hence (31) is written 


9) 
Ady - Ey - w(d, -w) =0 (31a) 


for which the roots are 


9 
E +) 2 + 4Ad,w (d, - w) 














y Bd 2Ad, (33a) 
and 
2 
E - E + 4Ad,w(d, - w) 
i te -- 33b 
Y9 2Ad, ( 


0 
= ew, 
Note that d, 20, qd, >0, and d, >0, by assumption. Also, qd, -went 3 > 0. 
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There are three cases to be considered: w>0O0, Ww 0, andw<o0O. 


Before analyzing these cases, let us observe that y= R (oy . From equation 
g 


K(0) + K (0) = AK (0)R (oy (25a) 
v v 


Since on any terminal path K(t) >0, K,(t) > 0 for all t, the left side 
f (25a) is positive and so is K.(0). Consequently, any negative solution of 


R (oy is not acceptable. 











Case 1: ww) > 
In this case, irrespective of the sign of E, there will be one negative 
ind one positive root. This follows since 
' 2 ' . E 
I E +4Ad w(d. - w) |]; hence, if E>0O, then y,. >= >0 
2 l - l Ad, - 
und y 0. If E<0, then y,? 0 and y, <0. - 
We have explained above that y, <0 is rejected and the only acceptable 
) ion oe Mer U - 
Case 2: w=0 E 
In this case, E >0O and y, === >0O while y, = 0 
1 Ad, “2 


We see that in cases one and two, we have a unique value for the level 
of the terminal! path. 


) 


Case 3 WwW 0 


From (32) we see that E >O and 4Ad,w(d, - w) <0, hence 


} 
E - VE + 4Ad,w(d, -wW)>0. Consequently, (3la) has two positive roots: 


E _ ; 
¥,?aa 7 O andy, >0. This means that there are two terminal path 
AC 
} 








levels when W 0; that is, there exist two sets of initial conditions such that 
if the system starts from them, it will continue to grow at constant rates. 


(3.b) The Influence of the Savings Ratio on the Level of Income 





; dY(0 
In order to derive the conditions for the sign of a“, we observe 
s 


that it follows from equation (29) that 


g 
| ; 1 -{ 
AD? -n-—/8s A(1-a)p (: +o + 18, 











l 
1-3 1-3 . 1-p| (4) 
Dot 1-s) (n + Bo ) a(n + " a) A(1-8)D+wD , 
1. Two complex roots are possible. Investigation of the expression 


E¢ + 4Adow(d; - w) shows that this possibility is most unlikely. 
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Using this relation in equation (8a) for the level of income, we obtain 








; -B 
d log Y(0) a-£8 dD A(1-8) + w(1-8)D = 
Mi-s)tas ‘Gs 1-p (39) 
das ‘ -s)+ps as - 
" A(1-8)D+wD | 
This is obtained from equation (29) again. By 


; d 
Now we need to obtain a 


US 


: - ( 
lifferentiating (29) implicitly and solving for - we obtain 
ds 








l-a@ 1-8 
A (79) nt+o+ j 0 
J 
dD 5“ Lh. * 
ds rei (: d) 
B 


nt 


; -B-1 -] 
= w BD 3-1. aap A(1-B) 


Inserting (36) into (35) we obtain the proportional rate of change of Y(0). 
Specifying the condition in terms 





It is clear that (35) can become negative. 
iY(0 
the variable D, we have that oo 0 if 
ds 
dD ; 
a-£B ds A(1 -B) + w(1-8)D (37) 
La — . of 
mM 1i-s)+s D . -B 
ls A(1-8) + wD 


- _ : 
Notice that D=r (0,0) , where r (0,0) is the terminal path level of the 


g - 
We would expect an increase in the sav- 


apital-labor ratio of vintage 0. 
igs ratio to cause an increase in the capital-labor ratio, and since 
dr (0,0) 
iD g' dD 
is ds ds 
—_ -_——_—_——— , we would expect == to be negative. 
D r (0,0) I 
g 


The condition on the level of income (in the case 0 = 9 eo in terms of 


capital goods is obtained as follows. The level of income in terms of capital 


goods is obtained in Section II by dividing equation (7a) through by equation 


(20a). 


This yields 











1-8 1-8 
y , A(1-8) 3 l 5 ” B (38) 
> (0) = ABL(0) 
( 1-s)+6s |s(1-8)+(1-s)(1- 
d n+ 2 a(1-s)+3s }s(1-8)+{1-s)(1-a)} 
hence ' 
d log Y 0 
1 log ag! ) a-B 4 1-8  *:8 ‘ (39) 
ds ai-s)+Bs Bs s(1-8)+(1-s)(1-q) 
dY (0) 
( 
hence —— 0 if and only if 


ds 


rs 
J 
7) 
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, _ (L-a)(1-8) a@1-s)+8s 
. Bs s(1-8)+(1-s)(1-q) 





aQa- (40) 
which is the condition given in the text. 

This condition applies to all vintages because all have the same level, 
except for a multiplicative factor which is independent of s. 


[V. Capital Valuation and the Interest Rate 
(1) General 

In the present section we shall assemble the results concerning the 
evolution of the price of capital and the interest rate. The behavior of prices 
when the economy approaches the terminal path has already been analyzed in 
detail in Section II. Here, we shall concentrate on two other broad subjects: 





a) The determinants of the secular behavior of prices of capital goods 
and the interest rate. 

b) The basic relationships between valuation and the conditions of pro- 
ductivity, obsolescence and technical progress, interest rate pro- 
ductivity and obsolescence, and growth of income and the interest 
rate. 

Parts (2) and (3) are devoted to the analysis of prices; Part (4) is de- 

voted to the interest rate and its relationships with other variables of the 
system. 


(2) The Evolution of the Price of New Capital Goods on the Terminal Path 
(2.a) General 





We have seen that the growth of the labor force and technological im- 
provements are the major forces which maintain the growth of income. When 
we focus our attention on the evolution of the price of capital and the interest 
rate, the assumptions concerning entrepreneurial behavior have to be con- 
sidered. These behavioral elements were introduced in the following way. 
First we introduced a time function, i(t), that was assumed to be given to 
all firms and we called it “the interest rate function;’ then we required that 
the “present value” of future rentals be equal to the price of capital wherever 
capital is used. As time passes, this price changes; however, at every mo- 
ment of time a price is set such that the capital market is cleared. The evo- 
lution of the price of capital thus reflects the changes which take place in the 
capital market through time. 

These changes are caused both by the evolution of the demand for 
capital goods in the two sectors and by the supply which is provided by the 
capital goods sector. The evolution of both the demand and the supply are 
intimately related to the relative profitability of investment in the two 
sectors and hence to the composition of investment. This is so because 
changes in the profitability of investment in the two sectors change the de- 
mand for capital and cause changes in the composition of new investment. 

In the long run, the changes in the composition of investment are associated! 





1. We use the word “associated” because we discuss here the relationships 
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with another very important outcome: changes occur in both the sectoral com- 
position of the final output and the rate of growth of physical output in both 








sectors. Hence we see that the examination of the relative productivity of 


investment in the two sectors, which governs the composition of the demand 
for capital, leads to important conclusions about the growth of supply of both 
consumer and new capital goods. 

It is a fundamental fact that the relative productivity! of investment in 
the two sectors is determined, on the terminal path, by the technological con- 
ditions that govern the production process. It follows that the evolution of the 
price of capital goods is essentially determined by the technological conditions, 
which also dictate the relative rates of growth of physical output in the two sec- 
tors. This fact is the clue to the understanding of the factors which govern the 


secular movement of the price of capital. Let us turn now to the analysis of 
the results. 


(2.b) The Results 

In Table 1 we present the solutions for six cases. 2 In the first column, 
we specify the case considered. In the second, q(0), the terminal path level 
at t= 0, is presented. Limiting rates of change appear in the third column. 
The constant D is defined in the last column. 





(b.1) An outline of the principal determinants of the secular evolu- 
tion of the price 

As we indicated in Part (2.a) above, the analysis of the secular tend- 
encies of the price of capital is equivalent to the analysis of the evolution of the 
relative rates of growth of output of the two sectors. This allows us to make the 
following general proposition: 

The technological conditions that govern the production process de- 

termine the rate of growth of physical output in each sector through 














among endogeneous variables of the system. We clearly are aiming at the 


discovery of the exogeneous factors which govern the evolution of the prices 
of capital goods. 





1. By “relative productivity,” we simply mean the ratio between the mar- 
ginal productivity of capital invested in the two sectors. This ratio is 
certainly not independent of the units of measurement; it is only natural 
that changes in the units will affect the level of the price. It is clear, 
however, that change in the units will change the price only by a constant, 
In using the term “technological conditions” we shall, therefore, include 
the choice of units. 


2. We include in the table cases (4) -(6), which are the “extreme” cases: 


8 = 1, 8B = o and @ = 0. These formulae will not be analyzed. They 
are presented here to indicate that radical changes take place on the bound- 
ary. The comparison of @ = o with 8 = o shows that the asymmetry dis- 


cussed in Section III is also reflected in the valuation side. 
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their effect on the physical productivity of investments in the two sec- 

tors. When these conditions dictate a faster rate of growth of output 

for the capital goois sector, the price of capital will decline secularly. 

If the rate of growth of output of the consumer goods sector is higher 

than the rate of growth of output of capital goods, the price of capital 

will rise. 

In order to analyze the technological conditions which govern the evo- 
lution of the price of capital (and also the tendencies specified in the above 
proposition), we shall analyze the following factors: 

(1) Differences between the RDMPC in the two sectors (Q and Q,).' 

(2) Differences between the rates of technical progress in the two 

sectors. 

(3) Differences between the two RIR (¢0 and Ty). 


These effects are not independent since equality in any two of the three im- 
plies equality in the third. We shall therefore discuss (2) and (3) together. 


In addition, we shall examine the effect on price of the rate of growth of the 
labor force. 


(b.2) The impact of differences between the RDMPC 


Let us assume here that A = y=0. Then, from the table (case 1), 
we have 





B-a 
_.._ Bil-a) As(1-8) B 
at) = 27-8) a AN Provera (1) 


Hence if A = B, then equality of Q and Qp(@ = 8) implies that q(t) = 
This is not surprising since when the two sectors are acne ME iden- 
tical, the model becomes essentially a one-sector model. 

Let us now take the case where the two sectors experience technical 
progress but the two RIR are equal (0 = Og). In this case (in the table see 
case 2) we have 








B-a B-a,, 
ait) = BUL=) Jat As(1-8) 1 see coe (2) 
Be AWB) atina a (1-s)(1-a)+s(1-8) 9 


It is again clear that if A = B and Q= Qep > then q(t) = 1. In this case dif - 








ferences between Q and Qg will completely determine the direction of 


change of the price of capital goods. If the RDMPC in the capital goods sec- 
tor is smaller than the corresponding rate in the consumer goods sector 
(8 <q@), the price of new capital goods will fall. When the rate is smaller 











in the consumer goods sector, the price of new capital goods will rise. 





The explanation of this phenomenon is important. When technological] 








1. The reader is reminded the Q =a and =. B are the rates at which the 


marginal productivity of capital declines in oe two sectors. See Section III. 
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changes are present, the capital stocks in the latest vintages grow faster than 
the supply of labor, and the result is a constant increase of the capital-labor 
ratio in these vintages. Since the growth of labor is exogeneously given, the 


only internal forces which limit growth are the RDMPC in the two sectors. It 


can be verified that when 0 y,., the rents of capital goods are the same in 
g 

both sectors for all vintages. Consequently, when the RDMPC in the capital] 

goods sector is smaller, this sector absorbs a greater fraction of the avail- 

able supply of new capital; this causes the output of the capital goods sector 


to expand at a higher rate than the output of the consumer goods sector, and 
a secular decline in the price of capital results. When Q is smaller than Q,, 
the opposite evolution occurs. 

We saw in Section III that Q and Q, have asymmetric effects on the 
rate of growth of income. We see here that Q and Qs have symmetric ef- 
fects on the direction of change of the price. For the case 0 a, > 0, the 

_ B-a _ 
rate at which q(t) changes is = y. Hence if Q >Q, the price q(t) will 
g 
rise secularly, and if Q, @, the price will fall secularly. There is no 
S 


symmetry in their quantitative effects on the rate since, from the inspection 


2 
. >-a . » , or . 
of mw y, it is clear that the impact of decreasing Q is different from the 
g 
impact of decreasing Q. 


(b.3) The impact of technical progress and the RIR 





Let us start with the rate of change of Q(t) on the terminal path of the 
“general” solution (see case 3 in the table). Here we have 


q(t) (l1-a@)w 3 "a . (3) 


Ww 


rm q(t) ' 
Suppose now that Q=Q . Then = = (l-@)w. This means that if 
¥ (t) 

the RDMPC are the same in both sectors, the direction of change of the price 
depends upon the differences of the RIR. If 0 >0,, then the rental on capital 
employed in the consumer goods sector rises faster than the rental in the 
capital goods sector. The demand for capital by the consumer goods sector 
rises faster than the supply, and the economy consequently experiences a 


secular increase in the price of capital. The opposite will occur when o,>0. 
q(t B-a 
We have noted that when the RIR are the same, then g(t) =-_—_¢ 
q(t) §=68 
Now instead suppose that A = y; then (3) can be rewritten 
q(t a B-a B-a 
Be sy -Sy268, ES, . (4) 
q(t) 8 8 B 


Hence when either 0 = 0g or A=y, the direction of change of the price de- 
pends upon the difference between the RDMPC in the two sectors. 
In the extreme case, when Qs = 1(8 = 1)!, we have 





1. The model becomes “Austrian” when 8 = 1, since in this case the capital 


goods sector uses only labor. 
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l-a@ 
<4) = Ba a As (A-ay)t - 
C | ———_ > 
A Jaci -s)(o +y +n) 
and here the price of new capital goods will rise or fall depending upon the 


sign of (A - @y). 
To summarize, we observe again that there are two factors which can 


ul 





ncrease the rate of growth of output of a given sector: a reduction of the 
RDMPC in a sector and an increase in the rate of technical progress in that 
sector. This means that a smaller RDMPC and a higher rate of technical 
progress both affect the price of capital in the same direction. Consequently 
we have to consider three cases: 
Case a: y >A and 86 : a! 

In this case, both the RDMPC effect and the technical progress effect 
ire stronger in the capital goods sector; the rate at which the supply of new 





capital goods increases through time is greater than the rate at which de- 
mand increases. Consequently, the price falls secularly. 
Case b: y<A and 8B >a@ 

The RDMPC effect and the technical progress effect lead to a rate of 
growth of the demand for capital goods that is greater than the rate of growth 





of supply; hence, there is a secular increase in the price. 
Case « either A> y but 8 <a@, or A<y but B >a 

In this case, the secular tendency of the price depends upon the rela- 
tive strengths of the RDMPC effect and the technical progress effect in the 





two sectors. 


(b.4) The impact of growth of the labor force 





It is clear that changes in the rate of growth of the labor force or 
the savings ratio affect the level of prices on the terminal path, but not 
their rate of change. 

From (1), (2), and (5) we see that the effect of n on q(0), the ter- 
minal path level of the price, depends also upon the difference between 


dq(0 iq(0 
Q and Q When Q<Q then aq(®) | 0, and when Q@>Q , then aq(0) > 0. 


go” g’ dn g dn 
This phenomenon should be viewed as the converse of the previous one. 
There we analyzed the effects of the exogeneous parameters on the rates 

of growth through their effect on the sectoral composition of investment and 
hence on the relative supply of capital (output of the capital goods sector); 


here we observe the impact of increasing the supply of labor. Note that high- 


er RDMPC means lower RDMP of labor! Consequently, it is only natural 





1. It can be easily verified that the three cases can be stated equiva- 


lently in terms of 0 and 0 : casea: 0 > O and 8 <@, case b: 
quests y EE oO a 
£ £ 
ey o and 8 >a@, and casec: 0 >9g but 8B a, or Oo ej 
g ps + MS g g 
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that the effect of an increase in the supply of labor on rents and on the price 
will be the opposite of the effect of an increased supply of capital. The im- 
portant difference is that changes in the parameters (e.g., rates of technical 
progress) that lead to changes in the rates of growth of demand for capital 
and supply of capital change the terminal path rate of change of price; a 
change in the rate of growth of the labor force, however, changes only the 
terminal path level of the price. 


(3) Obsolescence and the Prices of Old Capital Goods 

Let us first recall our assumption that there is no depreciation of 
capital goods in the model; hence, their productive capability does not change. 
The changes in their prices are the consequences of changes which take place 
in the capital market through time. For this reason, we may view our model 
as a “pure obsolescence” model, where the prices of capital goods change 
only as a consequence of economic forces and not as the result of physical 





changes. 

We note also that q(t) was defined as the price of “new” capital 
goods. There is a clear distinction between a(t,t) and q(t). q(t) should be 
viewed as the price of a new capital good before it is installed; a(t,t) is its 
price after installation. Obviously, a(t,t) = q(t); however, when we talk 
about “old” capital goods we refer to those goods which were installed at 
time v t, and a(v,t) is the price, at t, of a capital good which was in- 
stalled in the consumer goods sector at time v. Similarly, ag(v,t) is the 
price at t of a “machine” installed at time v in the capital goods sector. 


Definition: The rate of obsolescence, O(v,t), of a capital good of vintage v 


, a(v,t 
employed in the consumer goods sector is O(v,t) = a(v,t) . The 


a(v,t) 
rate of obsolescence in the capital goods sector is 
a.(v,t) 
O ( +t al 


,t ; 
g a Avot) 

We define obsolescence to be the change in the price of capital goods 
after they are installed. The prices a(v,t) and a,(v,t) are regarded as 
functions of their installation date v and the time of employment t. O(v,t), 
for example, can also be defined in the following alternative notation: 


da(x,y) 


Ov t) = = An 
ay) | ey 
ade 


We shall now proceed to prove some properties of the rates of obso- 
lescence and the prices of old capital goods in our model. 


Lemma 1: Under the assumptions of the model (stated in Section I) 


a (v, t) F 
a. - Ps) v) where W=0- 0 
a(v, t) Fay 
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Proof: By the optimality conditions on the use of new capital we have: 


o + -f7iquydu 
oO g Bt ” 
q(t) ,! q(z)A(1-8)e B As) e dz (6) 
nd 
e ot -f*iqu)du 
q(t) = .[ B(l-ae R(z) e dz ; (7) 
nence 
-Z °Z, 
- -} i(u)du FERyR . os i(u)du 
J q(z)A(1-8)R (z) e dz=e ,/ B(1-a)R(z) e dz. (8) 
g 
Now, by definition, 
: JT v -f*iqu)du 
a (v.t) = J” a(z)A(1 -B)e © R (zy e dz (9) 
g 4 
und 
Z. 
a , - Pe i(u)du 
, Ov 
a(v,t) ! B(l-a@e R(z)e as , (10) 
nence 
ov © 3 oJ *i(u)du 
a (v,t)=e © °° q(z)A(1-B)R (z) e dz 
g t g 
By (8), 
- (Z, 
1. when a J i(u)du 
a _(v,t) e e 4] B(l-ajR(z) e dz 
and, by (10), 
= oe 
5 ) -UV 
a (v,t)=e bee a(v,t), 
hence 
a (v,t) : 
ase Q. E.D. 
a(v,t) 
. Z r,t 
a(v,t) “a a Vs ) 





We then see that =w, which is independent of v. Only when 


a(v,t) a (v,t) 
g 
w =0 are the rates of obsolescence in the two sectors equal. 
Now, is it possible that the rates of obsolescence of capital goods of 


different vintages (but within the same sector) are different? 
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Theorem 1: Under the assumptions of the model, the rates of obsolescence of 
capital goods of different vintages within the same sector are the 
same, regardless of the age of the equipment. 

Proof: For the consumer goods sector. Choose some Vo and v, such that 





a * v_. By definition 
°Z 
Ov -} i(u)du 
ee 0 a t 
a(v,,t) 4 B(1-a@)e R(z) e dz 
and 
Z 
Ov, -j} if(u)du 
x i 
a(v.,t) = J B(l-a)e R(z) e dz 
Hence 
Vv) -Ov 
a(v te a(v,,tye 
and consequently 
(vt) a(v,,t) 
‘ ? 4 tT 
a( ”’ ) MV. ) 
The same proof holds for the capital goods sector. Q. E. D. 


This theorem tells us that we may write O(t) and O,(t) instead of O(v,t) 
and O,(v,t). It tells us more, however. Suppose we choose Vo = t and 
vi v ; then we have 


a(v,t) attye (C'~Y? (lla) 


and 
-0 (t-v) 
7 


a (v,t)=aq(tle © (1 1b) 
g 


This is because q(t) = a(t,t) a (t,t). Note, however, that 
g 


ous a, (t,t) l 
(t) $ a2 


q(t) a(t, t) 


Indeed, we have that 


: a, (t,t) 
g(t) 2 ei (12a) 
q(t) = a(t, t) 





Oalx,y 
1. anit) = 20H) 


é oy 
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and ; a _(t,t) 
EE inlets teeth (12b) 
q(t) a (t,t) g 
g 
It follows from (12a) and (12b) that 
O t = a(v,t) g(t) o "© , 13¢ 
(t) a(v,t) a(t) o for all v (13a) 
and 
a (v,t) : 
O (t)* Mine's SE ¢ forallv . (13b) 
g o Ave) q(t) g 


(13a) and (13b) establish the relationships between the rate of change 
of the price of new capital goods and the rates of obsolescence. It is clear 
that these rates are not the same in both sectors. From (13a) and (13b) we 
see that the sector with the higher 0 will experience a higher rate of obso- 
lescence.! If the two sectors have the same RDMPC, then the sector with 
the higher rate of technological change will have the higher rate of obso- 
lescence. This result is not surprising, since if the rate of technological 
improvements, say in the consumer goods sector, is higher, then we would 
expect capital goods employed in the production of consumer goods to be- 
come obsolete more rapidly. 

Note that all the results obtained so far in the present part are gen- 
eral and not restricted to the terminal path. Let us now observe some 
properties of the rates of obsolescence on the terminal path. 

One can easily compute from Table 1 above the rates of obsolescence 
for all the cases considered (use equations (13a) and (13b)). It is seen that 
the absence of technical changes eliminates the phenomenon of obsolescence. 
This indicates that, on the terminal path, the process of obsolescence is 
due only to technical progress. * Indeed, if A = B, a= 8, andgo =a, > 0 
i.e., when the units of measurement and the technological conditions of the 
two sectors are identical (but technical progress is still present in both sec- 
tors), and consequently q(t) = 1, the rates of obsolescence are equal to c. 
This is the case that Solow has discussed, 3 in which the price of new capital 


, 


goods relative to the price of consumer goods is a constant, whereas the 





1. Usually we think of obsolescence as a process of fall in price; con- 
sequently “higher rate of obsolescence” really refers to -Oft) and ~O,(t) ; 
This is so since, strictly speaking, a higher 0 or 0, means a smaller 
O(t) and O,(t) . We shall then speak of “higher rate of obsolescence” in the 
sense of more rapidly declining values of capital goods. 


2 


2. Except for the special case 8 = 0, which is not analyzed here. 


3. R. M. Solow, “Investment and Technical Progress,” op. cit. 
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price of old capital goods relative to the price of consumer goods (and hence, 
new capital goods) falls at the rate 0 
We have not examined the signs of the expressions (13a) and (13b). Is 
obsolescence, as we have defined it, necessarily a process of falling prices 
of old capital goods? The next theorem clarifies this question for terminal 
path solutions 


Theorem 2: Under the assumptions of the model, if 0<8 l and 0<@a@ l 
then, on the terminal path, O(t)< 0 


= , t - 
Proof The terminal path solution for g(t) can be obtained from Table 1 








above; hence a(t) 
, B-a 
Q(t) = (l-ajwt+——o -o 
yg 
3-a 
O(l-a-l) +O |——— - (1-a) 
g 3 
Ba-a 
-ag+o 
g 8B 
a . 
"ag -O F(1-B) <0 . Q.E.D. (14) 
g | 
Notice, however, that 
O (t) = (l-ajw +S—o - oa 
g f B 
3-a-B 
(l-ajw +0 
g 8 
l-a@ a a-2a8+6 
_1-— -=—=¢0 =)A- —— > 1! 
ip* Bg Y 1"B(1-8) a 


and (15) may be positive or negative. Indeed, the condition for (15) to be 
positive is 

a-2a8+8 

B(1-a@) 


A 


The above theorem proves that capital goods employed in the con- 
sumer goods sector will always lose their value when technical progress is 
present. It may happen, however, that capital goods employed in the capital 
goods sector will appreciate in value as time passes! The economic ex- 
planation for this fact is as follows: when A is increased, the rate of growth 
of demand for capital goods rises. We can always find a A sufficiently large 
such that the rate of increase in the demand of the consumer goods sector 
for new capital goods is so high that even the prices of old machines {which 
are used to produce the latest model of capital goods) will rise. Note that 
the value of these goods is measured in terms of consumer goods. It is 
clear that the relative price of an old machine to the latest is always declining. 
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In the consumer goods sector, however, there is no such possibility; 
in terms of consumer goods, the price of old machines producing consumer 
goods is always declining. 





When the economy is not on the terminal path, the solutions for the 
rates of obsolescence become rather complex and depend upon the initial 
conditions of the economy. It may be advisable to distinguish between “pure” 
obsolescence as a secular phenomenon and changes in capital valuation due 
to the fact that the economy is not on the terminal path. 1 We have avoided 
making these finer distinctions in this work. 


(4) The Interest Rate2 





In a one-sector model, the interest rate simply equals the marginal 
productivity of capital. Hence an analysis of the interest rate is equivalent 
to an analysis of capital productivity. The reader may have noticed that 
throughout this work we have linked the analysis of the interest rate with 
the valuation problem. This was not done accidentally: in a two-sector 
model, the profitability of holding capital depends also upon changes in the 
price of capital goods relative to consumer goods. Consequently, changes 
in relative prices will affect the interest rate. Thus, in a two-sector model, 
the interest rate reflects both the productivity of capital and the changes in 
the prices of capital goods relative to consumer goods. 


(4.a) The Fundamental Relationship 
To analyze the interest rate function we need the following 





Definition: The rate of rental, p(v,t), of a capital good of vintage v em- 
ployed in the consumer goods sector is the ratio between the 
value of the rental paid by this instrument and its price. 
Ug(v,t) is defined correspondingly for the capital goods sector. 

In symbols: 


utv,t) = eee 


a(v,t) (16a) 


and 





1. Indeed, it was suggested that these changes in valuation due to initial 
conditions should be viewed as capital gains and losses. This is not ac- 
ceptable since capital gains and losses are usually considered to be the 
outcomes of uncertain situations. In our model there is no uncertainty. 


} 


2. By now it is a well-known fact that the interest rate is not independent 
of the choice of numéraire. We have chosen a unit of consumer goods to 
be the numéraire in our mode] but have not investigated which, if any, of 
the qualitative results concerning the interest rate change if the numéraire 
is changed. See Edmond Malinvaud, “Capital Accumulation and Efficient 
Allocation of Resources,” Econometrica, XXI (April 1953), pp. 233-68, 
and P. Samuelson, Foundations of Economic Analysis (Cambridge: Har- 
vard University Press, 1955), p. 233 (footnote). 
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R (v,t) 
mM (v,t) woe ; , (16b) 
g a (v,t) 
2] 
Theorem Under the assumptions of the model, the rate of rental in each 


sector is the same for all vintages. 
Proof: By definition (see Section [) 


J Y 
Riv, t) = B(l-a@e R(t) 








, “ yd i(u)du 
(v,t) ,J Bil-a@je Riz) e dz 
Hence 
B(l-a)e R(t)” 
-a)e 
[(v,t) 
Z 
-j i(u)du 
me @ TV aM Tt 
J Bil-a@je R(z) e dz 
a 
r B(1-a@)R(t) 
°Z ; 
-j} if(u)du 
XL a t 
‘! B(l-a@)R(z) e dz 
which is independent of v . Similar proof could be constructed for the capital 


goods sector. @.E.D. 


This theorem shows that we may write p(t) and HL o(t) instead of 


u(v,t) and u.(v,t). We can now return to the interest rate. 
The interest rate was defined implicity (in Section I) by the two equa- 
tions 
= i L lu 
x tt q@ Tt ; ( 1) = 
\(t) ,J B(l-@)e R(z) e dz (1 Za) 
and 
rz 
yt -} i(u)du 
mee . - g Bt ~ 
a(t) = J q(z)A(1-B)e © R (z) e dz . (17b) 
oO 
g 


Since these have to hold for all t, we may observe one implication of 
the above equations by differentiating them with respect to t. Dividing 
through by q(t) and transposing terms yields 

ot a 

(t) q(t , B(l-a@je R(t) 

itt > ( t 


q(t) q(t) 





(18a) 


and 
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ot ; 
q(t)A(1-B)e © R(t) 
g 





~~. 
i(t) q(t) Gg 








18b 
g q(t) 7 
From (13a) and (13b) we know that 
G(t) ; 
O(t - 0 l3a 
q(t) ( ) 
und 
q(t) 
O (t CoP) gy 13b 
und since q(t) = a(t,t) = a (t,t), we have by (16a), (16b), and theorem 3 that 
~ 
Ot a 
B(l-a@je R(t) 
t) 19a 
L( a(t) (19a) 
and 
ot 3 
q(t)A(1-8)e © R (ty 
b(t) . (1 9b) 
g q(t) 
(13a), (13b), (18a), (18b), (19a) and (19b) together yield 
i(t) = O(t) + w(t) (20a) 
and 1 
i(t)= O (t)+ p(t) . (20b) 


This means that the rate of interest is equal to the rate of obsolescence plus 








the rate of rental in each sector. If, for example, 0 > Tg , then the rate of 
5 
obsolescence is higher in the consumer goods sector. But, by (20a) and 





An alternative way of deriving (20a) and (20b) is as follows: At time t, 
: l : 
let us invest a unit of consumer goods in buying ——— units of capital 
a(v,t) 

goods of vintage v employed in the consumer goods sector. Hold these for 
At units of time and sell them at the prevailing price at (ttAt). We shall 
a(v,t+At) 

be earning p(v,t)At + : 

a(v,t) 

be worth 1+i(t)At in terms of consumer goods of t+At, if equilibrium is to 


But a unit of consumer goods today will 


prevail. We must then have p(v,t)At + a(v,t) 1+i(t)At. 
through by At and taking limits, we obtain p(v,t)+O(v,t) = i(t). Using the 
theorem in the text we can write p(t)t+O(t) = i(t). For the capital goods 
sector, the derivation is similar. 


Dividing 


Recall that we mean that O(t) is more negative than O.(t). 
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(20b), we can conclude immediately that the rate of rental in the consumer 
goods sector must be higher than the corresponding rate in the capital goods 
ector. This is indeed what we would expect. If the RDMPC in both sectors 
s the same, then the industry with a higher rate of technological progress 
will experience a higher rate of rental and at the same time its equipment 


will become obsolete more rapidly. If 0, >90, then the advancing industry 
s the capital goods industry, which will enjoy a higher rate of rental with a 


higher rate of obsolescence 


(4.b) The Properties of the Terminal Path Interest Rate 

The “Fundamental Relationship” considered in (4.a) above is general. 
We turn now to examine both the solutions for the terminal path interest rate 
ind their properties in the cases considered. 





(b.1) The solutions 





The table on the next page contains the limiting values of the interest 
ite for the same six cases considered in Table 1 above. The two com- 
ponents O(t) and p(t) are specified, and the interested reader can easily 

ompute O,(t) and pg(t) with the aid of equations (13a) and (13b). 

Using the solutions of Table 2, we can make a few immediate observa- 

tions, some of which were stated in earlier sections. 

(1) The interest rate always converges to a constant; indeed, the ter- 
minal path could have been defined as the state of the economy in 
which the interest rate is a constant. 

(2) The interest rate becomes equal to 0 when the population does 
not grow and technical progress is not present in either sector. 

(3) The higher the savings ratio, the lower is the limiting value of 
the interest rate. This reminds us of various models in eco- 
nomics which associate a higher supply of savings with a lower 
interest rate. 

(4) The interest rate will, in the limit, be higher the higher is n, 
the rate of growth of labor. This result would be expected; a 
higher rate of growth of labor induces the capital-labor ratio to 
move in favor of higher rates of rentals in both sectors. 


(b.2) The relationship between the interest rate and the rate of 
growth of income 
It is clear from Table 2 that there is some relationship between the 
interest rate and the rate of growth of income. 








Definition: The rentals ratio r is the ratio between total rents paid in the 
economy and total income. I 
It can be shown that 





1. It is obvious from the definition that the rentals ratio and relative 
capital share are the same. Conceptually, we distinguish between them. 
See the following remark in the text. 
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r = (1-s)(1-a@)+s(1-8) (21) 


Under the assumptions of the model, if 8 >0O and the savings 


Theorem 4 
ratio is equal to the rentals ratio (s r), then, on the terminal 
path, the interest rate is equal to the rate of growth of income. 
Remark: A special case which is applicable here is the celebrated assumnp- 
tion that all profits are saved and all wages are consumed. F'ere 
we only require that the savings ratio equals the rentals ratio, 
which is equal to the relative capital share. 
Proof: In Section III, Part (l.a), we presented the roots of D (equations (2) 
und (2a)). We hadfor s (1-s)(1-a@)+s(1-8) 


dD. —_—_— 22a) 
4(1-f) 
ind 
W 
D —_ 22b 
) A ( ) 
B ‘ ‘ m 
We have rejected the root D . Now, from Table 2 we have 


B 
(t) = (l-ayw - Fo, + A(1-8)D 


e) 2 


‘eI a 
(t) = (l-a@)w - =o tn+—= n + (1-aw + 26 - aft) 
3 Bg Y(t) 


Notice that if we put s = s(1-8)+(1-s)(1-q@) in Table 2 for cases (1) and (2) we 


obtain 


X(t) ‘ Q. E.D. 


It is now clear that when the rentals ratio is greater than the savings 
ratio (r >s), the limiting value of the interest rate is higher than the limiting 


rate of growth of income. When r<s, the interest rate is lower than the rate 


, 
of growth of income on the terminal path. 


(b.3) Negative interest rate 
We know that the rate of rental is always non-negative; consequently, 
a negative interest rate can occur only when the rate of obsolescence is higher 
It is hard to obtain sufficient conditions for a nega- 


For cases (2) and (4), let n = 0 ; then 





than the rate of rentals. 
tive interest rate in the general case. 
the limiting interest rate is negative if 


as > s(1-8)+(1-s)(1-a) 





1. This is also true for cases (4) and (6) that are not analyzed here. 
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or 


where we recall that r is the rentals ratio. 


If the labor force does grow, the condition is 


ntory r 
S 7 = 


for case (4) 


O+y @ 
and 
Bnt+o r ; , 
6? = = for case (2) 
0 m 


It is clear that a negative interest rate can occur only when tech- 
nical progress is present. In this case, the configuration of the parameters 
is such that the rate of obsolescence is greater than the rate of rental, and 
a negative interest rate becomes necessary to induce holders of capital 
goods to be willing to continue to hold their assets. Note that if our econ- 
omy had a third asset, used only as money (cash), then a negative money- 
interest rate is not possible. Consequently, the price of this asset will 
have to fall at a constant rate. This means that a constant inflation must 


occur, 








iummary This study attempts to analyze the effects of inflationary development 


n the economy of an underdeveloped country, in this case Pakistan over the 


} to 1959. The results indicate that deficit financing operations posed 


threat to financial stability before 1955. Prior to this, the financing of publi 


velopment outlays by means of created money definitely contributed to the mo- 


f resources for increased capital formation without seriously hampering in- 
e pl ate sector Nonetheless, this mobilization of resources remained 

ugnitude Further, only the presence of large foreign exchange reserves 

kk ? 


un to import the capital equipment necessary to the development program. 

ywwing 1955-56, the deficit financing operations were definitely inflationary, 

lationary pressures, coupled with the accompanying foreign exchange diffi- 

istrated the efforts of the government to obtain additional real resources for 

1 by means of created money. The public sector dr velopment program 
ment of private investment activity, primarily due to the scarcity 

exchange reserves. In general, the analysis indicates that much of the suc- 


itionary financing of development programs hinges upon the strength of the 


1yments position. In countries in which the import coefficient of invest- 
gh, as is the case with Pakistan, balance of payments difficulties tend, ceteris 
frustrate demand for capital more than consumption demand. This may still 
pite attempts at stringent exchange controls. 
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INFLATIONARY FINANCING AND ECONOMIC 
DEVELOPMENT : THE PAKISTAN EXPERIENCE, 1951-1959 


Parvez Hasan 


Introduction 

l. The Problem 

The basic economic problem facing underdeveloped countries in the 
world today is the poverty of their people. Rapid economic growth which 
would bring about a material improvement in the living standards of the masses 
has become a primary objective of the national governments in these countries. 
It is well recognized that stagnant economies with growing population pressures 
hold a grave danger not only to the existi.g national political and social institu- 
tions, but also to the stability of world order. However, the task of finding 
resources for maintaining even a minimum rate of growth in per capita in- 
comes is often stupendous. On the one hand, the taxation base in underde- 
veloped countries is generally quite narrow, and on the other, the require- 
ments for non-development expenditure such as defense, civil administration, 
etc., are relatively inflexible. Paradoxically, foreign investments and loans 
may not be forthcoming until initial large investments in social overhead cap- 
ital have already been made. 








In the face of great difficulties in obtaining resources, as well as the 
urgent need for the stepping up of the rate of capital formation, deficit fi- 
nance or money creation, as an instrument for mobilizing real resources 
for development, offers a temptation which is almost too great to resist. 
Therefore, it is not surprising that, notwithstanding an awareness of the 
dangers inherent in inflationary financing of development, the resort to credit 
creation for meeting budget deficits has been quite widespread in underde- 
veloped countries in attempts to accelerate the rate of real capital formation. 
Almost invariably, the result has been the growth of strong inflationary pres- 
sures and balance of payments difficulties which, in many cases, have tended 
to frustrate the objectives of the development programs. 

The desperate need for resources in countries struggling to break 
the vicious circle of poverty and underdevelopment must be appreciated, and 
attempts of the governments to use all available means to mobilize real re- 
sources for development cannot but be considered in a sympathetic light. 

But the practical question is whether, and under what circumstances, mone- 
tary expansion is a suitabie instrument for raising these resources. The 
decision which is required of the policy maker in this regard is always a 
difficult one. Perhaps greater monetary restraint than is usual would be 
exercised if there were a clearer understanding of the nature of the infla- 
tionary process in underdeveloped economies. Our knowledge of the forces 
operating on real demand in an inflationary situation in these economies is 
at present very inadequate indeed. Case studies of countries undertaking 
deficit financing for economic development are needed and may help to bring 
about a better understanding of the relationships between inflation and eco- 
nomic growth. The present study is one such attempt. 
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2. Scope of the Study 





It will be the object of this study to analyze the extent and impact of 
monetary expansion in the Pakistan economy for the years 1951-59, with 
pecial reference to the deficit finance operations of the government, which 
were a major instrument of financing development expenditures in this period. 
The fiscal year 1951-52 has been selected as the starting point of our study 
or the reason that it marked the first major jump in government development 
pending as well as the beginning of a sizable credit creation in the public 
sector. The fiscal year 1958-59 marks the close of a definite phase. With 
the coming into power of the revolutionary regime in October 1958, borrow- 
ing from the central bank as an instrument for financing public sector outlays 
was stopped and a concerted etfort was made at balancing the budget and con- 
trolling inflation. Over the eight years 1951-52 to 1958-59, with which we 
are concerned, credit creation in the government sector amounted to Rs. 
3100-3200 million (nearly equal to the money supply outstanding at the end 
of March 1951) and helped finance about 55 per cent of the public develop- 
ment outlay, the remaining portion being financed mostly by foreign aid and 
loans. An over-all appraisal of this extensive use of the monetary instrument 
in Pakistan in the broad context of the inflationary situation that developed is 
the main purpose of this study. 

For the purposes of this study, deficit financing has been defined as 
net creation of credit in the government sector. This definition is narrower 
than the one usually employed in discussions relating to the developed econ- 
omies, where deficit financing generally refers to the size of the over-all 
budget deficits. Deficit financing as defined here measures only that part of 
the budget deficit which has a direct monetary impact. What makes deficit 
financing a key variable in underdeveloped countries and a major guide to 
the financial position of the government is the fact that most of the public 
debt in these countries is held by the banking system, and the possibilities 
of borrowing from the non-bank sector are often limited. The creation of 
money by the government is thus very closely related to the size of the over- 
all budget deficits. Our definition of deficit financing includes government 
borrowing from the central bank (including declines in government cash bal- 
ances) as well as from the commercial banks. An implicit assumption here 
is that borrowings both from the commercial banks and the central bank have 
net money creating effects in the economy. In other words, the supply of 
credit by the commercial banks to the government is assumed not to involve 
a curtailment of their credit to the private sector. This seems to be a par- 
ticularly realistic assumption in a situation where the government is adding 
to commercial banks’ reserves either by drawing down its cash balances 
with, or by borrowing from, the central bank. The commercial banks can, 
in such a situation, extend increasing amounts of credit to the government 
without curtailing credit availability to the private sector since they are 
utilizing the reserves which were created by the government in the first 
place. In another sense, in underdeveloped economies where the central 
bank often stands ready to extend accommodation to commercial banks 
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against government securities, the level of private credit is determined largely 
by the demand for funds. 

One of the basic questions to which we shall address ourselves in this 
enquiry is the effect of continued government deficit financing operations and 
the resulting inflationary pressures and balance of payments difficulties on 
the level of real capital formation in Pakistan. It will be assumed that the ul- 
timate target of government policy was to raise over-all investment rather than 
investment in the public sector alone. The success of the monetary instrument 
will be considered specifically in the light of the achievement of this objective. 
The trend in real consumption and investment will be analyzed in terms of the 
response of the economy to inflationary financing of development outlays. The 
difficulties faced in squeezing real consumption and in making exchange control 
effective as an instrument for allocating foreign exchange for investment under 
conditions of excess demand will then be considered with special reference to 
the structural characteristics of the Pakistan economy. 


3. Main Features of the Pakistan Economy 

The income per capita in Pakistan, around $50 per annum, is low even 
by the standards of less developed countries. It is less than half the level of 
Egypt, Ceylon, Ghana, and Mexico, and is slightly below that of India. Like 
most other underdeveloped countries, Pakistan is heavily dependent on agri- 





ulture. Agriculture accounted for over 61 per cent of the total national in- 
come in 1949-50, provided almost all major exports, and was responsible 
for the livelihood, directly or indirectly, of 80 per cent of the population. 
Agriculture, however, despite its importance, is still run on primitive lines. 
Subsistence farming is the rule, and food crops alone account for over 85 
per cent of the total cultivated area; about one-third of the total national in- 
come is estimated to originate in the subsistence sector. | The balance in 
food production has been precarious, and in the last four or five years the 
country has become a net importer of sizable amounts of food products. The 
low agricultural productivity is reflected not only in the low level of incomes 
of the farmers, but also in the extremely low yields per acre: rice and wheat 
yields are among the lowest in the world and barely one-third to one-half of 
the high levels prevailing in Egypt and Japan. 

While agriculture is backward, large-scale manufacturing is of very 
recent origin. There was little factory industry in Pakistan at the time of 
the partition (1947); there was practically no processing of even the basic do- 
mestic raw materials, i.e., raw jute and raw cotton. Thus, while East 
Pakistan accounted for over 80 per cent of the entire world supply of jute, 
the partition boundaries were so drawn that not a single jute mill of the sub- 
continent came into the province. 


Due to the overwhelming dependence on agriculture and the almost 





1. Budget of the Government of Pakistan, 1957-58, Economic Survey and Sta- 








tistics for 1956 (Karachi: Manager, Government of Pakistan Press, 1957), p. 42. 
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complete absence of large-scale industry, the foreign trade sector has occupied 

strategic position in the country’s economy, far beyond its proportionate share 
in the national product. Pakistan has in common with other raw material ex- 
porting countries the problem of instability of the export markets, which is 
heightened by the fact that close to 70 per cent of total foreign exchange earn- 
ings are derived from the exports of raw jute and raw cotton. The vulner- 
ability of the economy to changes emanating abroad has been a major argument 
used in favor of the policy of rapid industrialization which the country has fol- 
lowed since 1950. 

The importance of foreign trade is also evident from the heavy depend- 
ence of government revenues on foreign trade; the customs duties provide by 
far the largest single source of income for the central government. 

Though essentially Pakistan is a market economy with a large and ac- 
tive private sector, the government exercises a large measure of control— 
direct as well as indirect—in the strategic sectors. The balance of payments 

strictly controlled through an elaborate system of exchange and trade con- 

trols. While most exports are free—subject in some cases to export price 
checks to avoid evasion—imports are subject to licensing, which has been quite 
restrictive since 1953. The consequence of the present import licensing, ap- 
plicable to all imports, is that the level of private investment depends directly 
on the amount of foreign exchange released by the government for capital goods 
imports. The control of investment is further supplemented by control over 
capital issues. The government’s own outlay on industrial development is 
arried out through a public corporation (Pakistan Industrial Development 
Corporation) set up in 1950. In practice, the PIDC has operated in close 
cooperation with private enterprise. 


[. Monetary Expansion in Pakistan: Extent and Impact 

In this section, an attempt will be made to provide an over-all view of 
the monetary and payments developments in Pakistan during 1951-59. In the 
presentation of the data, use will be made of the system of monetary analysis 
developed by the O. E.E.C.! The reliance on a monetary rather than an in- 
come approach in outlining the process of economic expansion and adjustment 
is necessitated by the extreme inadequacy of the national income accounts 
(particularly data on consumption) for Pakistan. 

The derivation and the significance of the monetary financing equation 
which forms the basis of the O. E.E.C. model is discussed in sub-section 1. 
Sub-section 2 outlines, with the help of the financing equation, the nature and 
the extent of the internal monetary expansion in Pakistan with special refer- 
ence to the magnitude of money creation by the government and its role in 
financing development spending in the public sector. The process of infla- 
tionary adaptations, in response to the expansionary impulse generated by 
credit creation in the public sector, is then studied through an analysis of 








1. See O. E.E.C. (Organization for European Economic Cooperation), Sta- 
tistics of Sources and Uses of Finance, 1948-1958 (Paris, 1959). 
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the liquidity changes, production growth, price increases, and balance of pay- 
ments deficits. The experience of Pakistan regarding the absorption of mone- 
tary expansion through liquidity increases is dealt with at some length in the 
context of the frequently advanced argument that the rising money-income 

ratio in a growing economy may provide considerable scope for non-inflationary 
use of deficit financing. 


1. A System of Monetary Analysis 

The analytic scheme underlying the O. E. E.C.’s presentation of mone- 
tary data is the following equation of the sources and the uses of funds, which 
implies that total monetary financing (F), the sum of internal credit monetiza- 
tion, external credit monetization, and liquidity changes must be absorbed by 
production growth, price rises, and the balance of payments deficit: 





P= FitFe+Fm=pi(y-y,)P, tui (P-P,)ytD (1) 


On the sources side: 





Fi = internal credit monetization, which is equal to the increase in 
banks’ domestic assets less the increase in banks’ domestic lia- 
bilities other than money. 


Fe = external credit monetization, which is equal to the increase in 
non-banks’ net external liabilities plus net transfers from abroad. 
Fm= relative contraction of monetary liquidity, (u - ) Y, where pu 
oO oO 
is the preceding year’s money-income ratio, pis the current 
monetary ratio, and Y is the national product in current prices. 


On the uses side: 





u(y - y_) p_ measures the increase in money requirements connected with 
the production growth; (y - y ) p denotes the excess of the 
current year’s national production in real terms(y) over the 
previous year’s production in real terms (y_) at the preceding 
year’s prices (p,)- : 


pu (p- P,) y measures the absorption of funds through price increases; 
(p- Po) y denotes the increase in the price level (G.N.P. de- 
flator) in the current year (p) over the price level in the pre- 
ceding year (Pp, ), adjusted for the current year’s production 


(y). 


D measures the absorption of funds by the excess of imports of 
goods and services over exports of goods and services. The 
receipts connected with the external credit monetization are 
not covered on the credits side and are regarded as a financing 
item, 


The above monetary equation can be easily derived from a simple 
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version of monetary analysis! which equates changes in the money supply 
(4 M) with changes in internal banking assets less the increase in banks’ do- 
mestic liabilities other than money (Fi) minus the decline in net external 
assets of the banking system (Ne). The decline in the net external assets of 
the banking system is equal to the over-all external deficit (D) minus external 
credit monetization (Fe). Thus the sum of Fi and Fe is equal to the sum of 
the change in money supply (4 M) and the over-all external deficit (D). It is 
further evident that the change in money supply (money holdings) can be fur- 
ther apportioned between changes in monetary liquidity and price increases and 
production growth. 2 

The balance of payments deficit (D), as defined in the above equation, 
measures the excess of imports of goods and services over exports of goods 
and services. The current account deficit thus indicated does not have norma- 
tive significance. The imports financed through net external credit monetiza- 
tion, i.e., through unilateral transfers, foreign investment, and borrowing, 
need not represent an adjustment to excess demand originating in the economy. 
A large part of the foreign aid transfers is often autonomous. For purposes 
of analysis, a narrower definition of the balance of payments deficit is de- 
noted, for instance, by the decline in the external reserves, which are often 
the main policy variable which can easily be adopted. The exclusion of aid- 
financed imports and/or external borrowing by the non-bank sector from the 
uses side of the monetary financing equation would then be matched by a cor- 
respondingly narrow definition of external credit monetization on the sources 
side, 

It is evident that the above financing equation has much in common 
with the equation of exchange. Indeed, one may go so far as to say that the 
relationship expressed by the former is, in the modified form, necessary 
for open economies, and is essentially the same relationship as is expressed 





® AM Fi - Ne (2) 
or Fi = JM +Ne (2a) 
Now Ne D - Fe (3) 

By substituting, 
Fit+Fe=-AM+D (4) 

2. AM=pY-p Y (5) 

O ) 
or AM=u (Y-Yo)-(H,- w)Y (5a) 
© ( 


The first term on the right-hand side in equation (5a) would measure the in- 
crease in money requirements if people had retained during the current 
year the same ratio of money to national product as in the previous year. 
This increase can be further split into a component — Lo (y - In) y.~ 
connected with production growth, and a component — Lo, tp P,) » ions 
connected with price increases. 

The second term above, (uw, - 4) Y, measures the relative contraction 
(or expansion) in the public’s money holdings and is defined above as Fm. 


480 








YALE ECONOMIC ESSAYS 


by the cash balance equation M=kY. It cannot be overemphasized that both 
equations hold true as identities and that the relationships they depict are 
merely definitional relationships. 

But though the system of monetary analysis outlined above, consist- 
ing as it does of ex-post magnitudes, is quite neutral in establishing causal 
connections, it can be of use in strongly suggesting correlations between 
important economic variables. Its decided advantage over simpler versions 
of monetary analysis is that it avoids the pitfalls inherent in excessive em- 
phasis on money supply variations alone. It helps to emphasize that mone- 
tary expansion in an open economy need not, if the means of financing balance 
of payments deficits are available, lead either to an increase in the price 
level or to a rise in the money supply. 1 Of course, an inevitable element of 
irbitrariness enters into the concept of money supply, which, in the above 
equation, is isolated, almost completely, from the other domestic liabilities 
of the banking system. For purposes of individual countries, however, this 
does not pose a serious problem because, if the experience warrants, a 
broader liquidity measurement in lieu of money alone may be substituted in 
the equation. 


2. Application to Pakistan Data, 1951-59 

The monetary and balance of payments data for Pakistan for the years 
1951-59 are presented in Tables land II. The tables, which are self-explan- 
atory, are based on the more detailed data contained in Appendix Tables I and 





II. The necessary qualifications and limitations of the data, particularly of 
the money national income series, are mentioned in the Appendix, which also 
discusses the sources and the derivation of the figures. Only two or three 
main points need to be noted here. The money supply in Pakistan is defined 
to include currency in circulation, general demand deposits and ‘other’ de- 
posits (excluding International Monetary Fund Account No. 1 and U.S. Com- 
modity Aid Accounts) with the central bank. We have adhered to this defini- 
tion for the reason that the ratio of time deposits to demand deposits has 
shown a reasonable degree of stability, at least in recent years. The net 
accruals to time deposits held with the commercial banks have, therefore, 
been regarded as offsets to gross bank lending and are excluded from the 
figures of internal credit monetization. The external credit monetization 
has, for the purposes of Table I, been defined as unilateral aid transfers and 
net external borrowing by the non-bank sector. Table II, however, presents 
the figures on the basis of a narrower definition of external credit monetiza- 
tion, i.e. excluding unilateral transfers. The exclusion of aid-financed im- 
ports from both the sources and uses side of the monetary financing in 

Table II helps to focus attention on the role of internal credit monetization, 
which is, in fact, the main autonomous variable with which we are con- 
cerned. It may also be mentioned that the figures for national product used 





1. The country, in a sense, would be exporting its inflation. 
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in the estimates are those of national income at factor cost. No allowance has 
been made for the terms of trade effect, which has been a persistent factor 
making for a decline in real income in Pakistan in recent years. The produc- 
tion increase is thus somewhat exaggerated, but this qualification in no way 
invalidates the main conclusions. 


[wo Distinct Periods 





From the point of view of monetary developments in Pakistan, the 
period from 1951-59 can be seen as falling into two distinct phases. While 
internal credit monetization was at a high level thoughout, the behavior of the 
other important variables, i.e., the liquidity ratio, prices, and the balance of 
payments, showed a marked divergence between 1951-55 and 1955-59. For 
instance, during 1951-55, the increase in liquidity (a decrease in income ve- 
locity) offset more than half the current credit monetization. In sharp con- 
trast, in the next four-year period, the opposite movement in liquidity pro- 
vided a strong supplement to credit monetization, with the result that total 
monetary financing increased markedly. On the absorption side, external 
deficits alone, during 1951-55, exceeded the total monetary financing; prices 
ictually declined rather sharply and, for the period as a whole, the decline in 
money requirements on this account was more than enough to meet the needs 
of production growth. With the exception of 1955-56, heavy balance of pay- 
ments deficits continued to absorb large amounts of monetary financing during 
the period 1955-59; prices rose significantly, accounting for 45 per cent of 
the total monetary financing, with absorption by production growth being only 
) per cent. If we adopt a narrow definition of the balance of payments defic 
by excluding the imports financed by aid transfers, we find that the current 


it 
account balance of payments, which, even after excluding unilateral transfers, 
had absorbed almost the entire monetary financing during 1951-55, showed a 
rough balance during 1955-59. The expansionary impact of internal credit 
monetization and contraction in liquidity was thus not accommodated by a 
balance of payments deficit in the latter period, and excess demand took the 
form almost entirely of price increases. 


Credit Creation and Budget Deficits 





The forces behind internal monetary expansion in Pakistan can best 
be studied by analyzing the trend of credit creation separately for the private 
and the government sectors. The following table gives a breakdown of gross 
bank lending! by government and private sectors. The figures, which are on 
a July- June year basis, only broadly compare with the aggregate April- March 
year data in Tables I and IJ. 





Gross bank lending (item 3 in Appendix Table I) is defined as the change in 
total internal assets of the banking system (including the Central Bank); the de- 
crease in government cash balances is treated as indirect monetization and is 
shown on a net basis. Gross bank lending equals internal credit monetization 
plus the increase in banks’ domestic liabilities other than money. 
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TABLE III 


Gross Bank Lending 





(Millions of rupees) 





Years To Private To Government! 
(July-June) Sector Sector Total 
1951-52 231 462 693 
1952-53 -122 616 494 
1953-54 134 357 491 
1954-55 -50 283 233 
1955-56 100 161 261 
1956-57 237 416 653 
1957-58 42 679 721 
1958-59 ;.o@ _190 186 

Total 568 3164 3732 





1. Net of aid counterpart funds. 


Source: State Bank of Pakistan. 





The above table shows that the bank lending to private and govern- 
ment sectors was marked by wide fluctuations from year to year. On the 
whole, however, net credit creation in the government sector, which we 
have defined as deficit financing in this study, has been the major factor be- 
hind monetary expansion. Lending to the government (including declines in 
government cash balances) accounted for 84 per cent of the total credit in- 

rease during the eight years, 1951-59. It is noteworthy that the level of 
deficit financing was at Rs. 1718 million during 1951-55, actually higher 
than the level (Rs. 1446 million) in the next four years. 

Though our estimates of deficit financing have been arrived at in- 
directly! and refer to a slightly different period, they can be broadly re- 
lated to the size of the over-all budget deficits and the level of development 
spending in the public sector. 





1. The estimation of the deficit financing directly from the government 
budgets is not possible because the details of the government borrowing ac- 
cording to the source of bcrrowing are not being published at present. 
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Millions of rupees 





1951-55 1955-59 
Public Development Spending 2281 3584 
2. Over-all Budgetary Deficits! 1898 3698 
Deficit Financing 1718 1446 
It is clear that the size of the over-all budget deficit has been closely 


related to the rate of development spending in the public sector. The sharp 
increase in the budget deficits from Rs. 1898 million in 1951-55 to Rs. 3698 
million in 1955-59 was attributable largely to the jump in the level of develop- 
ment spending in the public sector from Rs, 2281 million to Rs. 3584 million 
the same period, It is also evident that ordinary revenue surpluses did 
not provide any more resources for the development sector in the later period 
than in the earlier years. 


over 


Roughly 79 per cent of the over-all budget deficit during 1951-55 was 
financed through the creation of money. That the monetary impact of the 
much larger budget deficit in the period 1955-59 was actually somewhat lower 
than in the 1951-55 period is explained by the fact that most of the increase 
in deficits between the two periods was financed by the larger inflow of for- 
eign aid.“ But it must be stressed that, even though foreign aid was financing 
an increasingly large portion of development spending in later years, deficit 
financing remained at a high level. Despite the decline in its relative impor- 
tance, the creation of money financed over 40 per cent of the development 
spending in the public sector during 1955-59. 


Private Sector Credit 





In sharp contrast to the large expansionary influence of the govern- 
ment sector, private credit expansion was quite modest. In the four years 
1951-55, bank lending to the private sector expanded on the whole by only 
Rs. 193 million, or barely 10 per cent of the total. The relative stability in 
the level of private bank credit was directly traceable to the large decline in 





1. Covers both central and provincial governments’ budgets. Deficits have 
been measured by total government borrowing (including borrowing from the 
entral bank), drawal of cash balances, and foreign aid receipts. 


; 


2. Foreign aid helped finance the government deficit both directly and in- 
directly. Directly, a larger part of the budgetary expenditures was being 
financed through project aid and releases from the counterpart funds. In- 
directly, the large net increase in the counterpart funds accumulated in the 
central bank against U.S. Commodity aid served as a powerful neutralizing 
influence on the central bank lending to the government. The net increase 
in counterpart aid funds was Rs. 669 million during 1955-59 as against nil 


in 1951-55. 
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the volume of foreign trade following the collapse of the Korean war boom and 
the tightening of import restrictions after 1952. In the period 1955-59, lend- 
ing to the private sector expanded by Rs. 375 million, or little over 20 per 
cent of the total. A large part of this expansion occurred in credit to the 
manufacturing sector, which rose by Rs. 215 million; the share of the manu- 
facturing sector in bank advances, which account for the bulk of commercial 
bank credit, increased from 24 per cent at the end of June 1955 to 35 per cent 
at the end of June 1959. 

The relatively low bank lending to the private sector was against the 
background of an essentially passive monetary policy. There were no sig- 
nificant measures of quantitative credit control during the period under re- 
view. The legal reserve requirements for scheduled commercial banks, 
standing at 5 per cent of demand liabilities and 2 per cent of time liabilities, 
remained unchanged throughout. The Bank Rate, which had remained at 3 per 
cent ever since the establishment of the central bank in 1948, was raised only 
recently—to 4 per cent in January 1959. The only other monetary measures 
were in the field of selective credit controls; the most significant of these was 
the directive issued to commercial banks in June 1957 asking them to limit 
their advances against imported manufactured goods, bullion, foodgrains, 
and oil seeds to the extent of 60 per cent of the value of such goods, and also 
to limit unsecured advances.! The extremely limited monetary action to 
curb inflationary pressures may be explained largely by the fact that there 
are serious limits to the power of the central bank to control credit if the 
government operations are concurrently adding to the money supply. 2 If, as 
is the case in Pakistan, bank lending to the private sector accounts for a 
rather small portion of the total money supply, no amount of curtailment of 
credit to the private sector may be sufficient to offset the primary expan- 
sionary impact of a relatively large budget deficit. The task of controlling 
the secondary credit expansion was also not serious, because the fact that 
the ratio of currency to money is high in Pakistan (an average ratio of 2:3) 
itself ensures a low credit multiplier. 3 Furthermore, the decline in foreign 
exchange reserves in the earlier years also offset the expansion in primary 
reserves caused by government deficit finance operations. 





1. These restrictions, which were withdrawin in late 1958, were mildly 
successful. Cf. State Bank of Pakistan, Department of Research, Report on 
Currency and Finance, 1958-59 (Karachi, 1959), p. 37. 





2. See Joachim Ahrensdorf, “Central Bank Policies and Inflation” in 
International Monetary Fund Staff Papers, Vol. VII (October 1959), pp. 274- 
301. 


3. The credit multiplier is defined as being equal to the reciprocal of 

c + r(1- c), where c stands for the ratio of currency in circulation to 
money and r for the legal or customary reserve ratio maintained by banks 
against deposits. 
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Accruals to Time Deposits 





An important offset to the total credit creation in Pakistan has been 
the steady increase in non-monetary liabilities of the banking system, i.e., 
me deposits held with commercial banks. 1 The increase in these deposits 
ibsorbed 17 per cent of the gross credit creation during 1951-55 (Appendix 
Table I). During 1955-59, however, this percentage dropped to 11 per cent, 
indicating some shift in asset preference, probably not unrelated to the grow- 
ing price pressures in the latter period. The ratio of time deposits with the 
commercial banks to their demand deposits, which had risen from 21.3 per 
cent in March 1951 to 40.0 per cent in March 1955, fell slightly to 39.9 per 
cent by March 1959. Even though the relative importance of time liabilities 
in money and quasi-money assets has not increased since 1955, their volume 
has been growing. Thus accruals to time deposits have remained an impor- 
tant leakage from the credit stream despite the drop in the value of money. 


Liquidity Behavior and Price Developments 

The wide swings in liquidity were a characteristic element in mone- 
tary developments in Pakistan during 1951-59. As Table IV shows, the 
monetary ratio (M/Y), which in 1951-52 stood at 0.192, rose steadily in the 
next few years, with the exception of 1952-53, to reach the peak of 0.255 in 
1954-55. The net rise in the monetary ratio over the first period was of the 
order of 35 per cent. After 1954-55, the monetary ratio declined steadily 
every year and in 1958-59 was only marginally above the level in 1951-52. 
Admittedly, the data for money national income on the basis of which the 
monetary ratios have been computed is far from perfect. Still, there can- 
not be much doubt about the broad conclusion that income velocity ‘fell’ 
rather markedly in the years up to 1954-55 and ‘rose’ steadily thereafter, 
there being no significant change over the period as a whole. 

The long-term change in the money-income ratio can significantly 
influence the monetary picture of a growing economy. Indeed, the rise in 
the demand for money at a rate faster than the rate of production growth is 
generally regarded as providing a powerful argument for the safe use of 
deficit financing in developing countries. The scope provided by the long- 
run increase in the monetary ratio for non-inflationary money creation can, 
however, be easily exaggerated. It is necessary to look at the whole question 
of the safe limits of deficit financing more closely. One of the primary rea- 
sons why the need for stocks of money may be expected to rise at a decidedly 
higher rate than money income in the early stages of development is that the 
importance of the monetary sector vis-a-vis the non-monetary sector, or 
subsistence sector, will tend to increase over time.? It is also, perhaps, 








1. Includes saving deposits the withdrawal of which is subject to notice. 
The saving deposits not subject to notice are included under demand de- 
posits. 

2. If we assume that the share of the non-monetary sector stands at 1/3 of 


the total and that the entire future increases in output enter the monetary 
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TABLE IV 


Money National Income, Money Supply and Monetary Ratios 





Money Supply 











Money National (M) Monetary 

Fiscal Year Income (Y) (End of the Year, Ratio! 
(April- March) _(million Rs.) million Rs.) (M/Y) 
1950-51 17,150 3290 0.192 
1951-52 18,469 3549 0.192 
1952-53 18,275 3315 0.181 
1953-54 18,156 3693 0.203 
1954-55 15,297 3915 0.225 
1955-56 19,106 4533 0.237 
1956-57 22,620 5043 0.222 
1957-58 23,763 5303 0.223 
1958-59 26,811 5451 0.203 


Note: Money national income figures up to 1953-54 are Central Statistical 
Office estimates. Since then, national income figures have been published 
in constant prices. For the derivation of figures of money income from 
1954-55 onwards, see Appendix. Money supply figures are taken from the 
State Bank of Pakistan Bulletin. 





1. The monetary ratio as calculated here represents the ratio of money 
supply at the end of the year to money national income in that year. Strictly 
speaking, a monetary ratio based on annual averages of money supply should 
be used. This, however, can be done only at the cost of added complexities 
for the model employed. 





(footnote continued from p. 488) 


sector, it is evident that the marginal money-income ratio will be 50 per 
cent higher than the average money-income ratio, given a constant income 
velocity in the monetary sector. 
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nevitable that n a country where capital and money markets are not well 
zed and well spread, a part of the savings should be held in the form 
ney hoards. Available studies of structural changes in income velocity 

irther point out that the growing differentiation of production in the course 


the development of the economy interrupts the synchronization of payments 


und ls for growing cash reserves. ! Finally, hoarding of money balances 
be regarded as a luxury and thus a function of the absolute level of in- 

ne and wealth. The historical experience and the comparison between de- 

veloped and less developed countries affirms a marked secular upward trend 


2 a “e S . 
money-income ratio in a developing economy.“ The effect of most of 


the above-mentioned factors tending tc raise the money-income ratio—the 
Marshallian k— is, however, felt very slowly. 3 As we have seen, in the 

se of Pakistan the increase in the liquidity ratio over the eighty-year period 
was only 5 per cent. The net expansion in the money supply? absorbed by 


the rise in the liquidity ratio over this period was only Rs. 189 million. It 


aisSO mus 


“ 


not be forgotten that the “safe” limit of deficit financing in terms 
of the resource availabilities depends on the absolute level of k, which is 


en quite low in underdeveloped countries Assume that the output in a 


‘ 


less developed country is growing at an annual rate of 3 per cent and that the 
money supply can expand by 4.5 per cent annually without causing net infla- 
tionary pressures. If we further assume that the income velocity is 5—more 
or less the level in Pakistan—then the non-inflationary money expansion can 
it best equal 0.9 per cent of the national product. This, in turn, would, even 
with a relatively low credit® multiplier and the high ratio of currency to 
money, limit the safe annual deficit financing to only 0.4 per cent to 0.6 per 
cent of the national product. 





l H. S. Ellis, “Some Fundamentals in the Theory of Velocity,” Quarterly 
Journal of Economics (May 1938), reprinted in American Economic Associa- 
on, Readings in Monetary Theory (New York: The Blakiston Company, 1951). 








2. E. M. Doblin, “The Ratio of Income to Money Supply: An International 
Survey,” Review of Economics and Statistics, Vol. 33 (August 1951), p. 204. 





For an interesting model of monetary analysis based on the assumption 
of a constant income velocity of money (unchanged money-income ratio), 
see J. J. Polak, “Monetary Analysis of Income Formation and Payments 
Problems,” International Monetary Fund, Staff Papers, Vol. VI (Novem- 
ber 1957), p. 1-50. 





4. However, as we discussed, the time deposits expanded on the whole at 
aster than the increase in the money supply and thus absorbed a 
part of the monetary expansion indirectly. 


9. The higher the ratio of currency to money, given the deposit-reserve 
ratio, the greater would be the scope for credit creation by the govern- 
ment within the limits of total money expansion. 
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We shall now turn to a discussion of the significance of the rather sharp 
short-term changes in the liquidity ratio. It seems that the rise in the mone- 
tary ratio from 1952-53 to 1954-55 and its decline thereafter was in response 
to what may be termed autonomous changes in the price level. Between 1952- 
93 and 1954-55, the general price level, surprisingly enough, fell by 25 per 
cent, while it increased by 65 per cent in the next four years. Falling income 
velocity in periods of falling money incomes and price level and rising income 
velocity in periods of a rising price leve' and money income are generally re- 
garded as a cyclical phenomena. However, it is possible to furnish a more 
concrete explanation for the inverse relationship of the short-term changes 
in the price level and the monetary ratio in an underdeveloped country. To 
the extent that the prices of agricultural crops produced primarily in the sub- 
sistence sector—foodgrains in Pakistan—fluctuate more widely than the gen- 
eral price level, the over-all movements in money national income do not rep- 
resent adequately the changes in the value of output entering the monetary 
sector. If, as was the case in Pakistan during 1953-54 and 1954-55, the 
market prices of subsistence crops are falling sharply, the reduction in na- 
tional income measured in money terms might be larger than the drop in the 
current value of the output entering the monetary sector. The decline in the 
monetary ratio, given the money supply, thus might appear to be greater than 
it actually is. The reverse can easily happen in a period of rising prices. 

To the extent that they reflect such changes, the movements in the mone- 
tary ratio are merely illusory. 

The above factors, however, help to explain only part of the changes 
in income velocity in Pakistan. The increase in the monetary ratio after 
1952-53 also probably reflected the building up of relatively large idle bal- 
ances in the wake of tight import restrictions. The reduction in the availa- 
bility of imported goods presumably led to a postponement of consumption 
and investment expenditures. The imports of consumer goods in 1953 and 
1954 had been cut to an extremely low level. The cotton textiles and yarn 
imports, which had accounted for nearly 1/3 of private imports during 1951- 
52, were reduced to a negligible level in 1953. Though domestic production 
of cotton textiles was rising, it had not, as yet, compensated for the loss of 
imports. Moreover, the finer varieties of cloth were in scarce supply. The 
restricted imports of consumer and investment goods served as an impor- 
tant restraint on spending. The building up of cash balances and the forced 
saving implied by it, however, proved short-lived. By 1955, domestic indus- 
trial production had assumed significant proportions. The country had be- 
come self-sufficient in cotton textiles. The imports of consumer goods 
under the United States commodity aid program were further relieving 
shortages. The critical thing, however, was not the size of the consumer 
goods imports, which remained small, but the increased possibility of sub- 
stitution between home and foreign goods due to the mushroom growth of 
import-competing production and the generally increased elasticity of sup- 
ply of the new industrial sector, The postponed consumption expenditure 
therefore tended to be expanded at the cost of money holdings. 
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Another factor in the decline in the income velocity of money in the 
earlier period was probably the lags in spending out of the inflated profits. 
The profit incomes from trade and nascent manufacturing, which were in all 

kelihood limited up to 1952 due to the pressure of liberal imports, received 
boost in the period from 1952 to 1955. The profits from the growing textile 
ndustry were particularly large. The almost sudden transformation of the 
profit picture tended to support the tendency toward hoarding in the short run. 
In contrast, with the growth of inflationary pressures after 1955-56, there 
was dishoarding by wide sections of the community. This dishoarding was 
not necessarily connected with dissaving from the point of view of individuals. I 
In the agricultural sector the farmers probably reacted by hoarding grain, - 
particularly in view of the pressing food shortage. 

[he general price level in Pakistan has been strongly influenced by the 
behavior of export prices and incomes. The drop of 44 per cent in export 
prices between 1951-52 and 1954-55 (see Table V), a result of the progress 
of recessionary influences in the world commodity markets and an equally 
large drop in export incomes, was the main factor behind the reduction in the 
general price level, despite net domestic monetary expansion. The crucial 
position of export prices and incomes in determining the general price level 
in a foreign trade~oriented ecaqnomy like Pakistan was again demonstrated after 


155 when, following devaluation of the Pakistan rupee, higher export incomes 


(in local currency) helped reverse the downward trend in the price level. These 
autonomous changes somewhat limit the significance of the movements in the 
general price level as a guide to the inflationary impact of the internal mone- 
tary expansion. However, from 1956-57 onwards, internal monetary expan- 
sion seemed to have exerted a much stronger pull on the general price level. 
Export incomes and prices dropped once more between 1956-57 and 1958-59, 
but the internal price level rose by 18 per cent. 

The over-all increase of 24 per cent in the domestic product price index 
between 1952-53 and 1958-59 may not appear to be excessive. However, the 
ndex as an indicator of the general price trends in the economy needs some 
qualification. The index is heavily weighted by prices of foodgrains, the pro- 
duction of which accounts for about 30 per cent of the total output. The prices 
of foodgrains were, to some extent, kept in check by measures of government 
control, in particular by compulsory procurement and restrictions on movement 
The actual increase in domestic product prices therefore somewhat understates 





1. In so far as an increasingly large portion of savings was probably being 
directed to gold and jewelry purchases, real estate speculation, and transfer of 
capital abroad, there was no direct effect on the internal price level as measur- 
ed by the index of domestic product. 


2. The amounts may be very small for individual farmers but, due to the very 


large number of farm households, total hoarding may be significant. 
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TABLE V 


Price Indices 
(1952-53 100) 








Domestically Export Import Terms of 

Year Produced Goods Goods Trade 
1951-52 105 155 119 129 
1952-53 100 100 100 100 

153-54 93 82 104 79 
1954-55 75 87 97 10 
1955-56 4 SBS, 135 73 
1956-57 105 118 171 69 
1957-58 110 121 184 66 
1958-59 124 109 201 94 
Source: Central Statistical Office for export prices, import prices, 


und terms of trade. See Appendix for Domestic Product 
Price Index. 





. 1 
the price pressures.’ 


Production Trends 





The growth of production in the face of pressures of excess demand 
was small and absorbed, on the whole, only a very small portion of the 
total monetary financing (see line 5 of Tables I and II). The production in- 
crease has been particularly slow since 1954-55. The national income at 
factor cost, which rose by 15 per cent in the four years preceding 1954-55, 
rose by only 6 per cent over the following four-year period. Allowing for 
the effect of the sharp deterioration in the terms of trade, the increase in 
real output between 1954-55 and 1958-59 was of the order of only 4 per cent, 
which falls short of the estimated population increase of 5.4 per cent over 


the same period. 





* 


1. This implies that the net increase in the monetary ratio (decline in income 
velocity) is somewhat overstated. This strengthens our conclusion above. 
Also, to the extent that the real income increase is not adjusted for the terms 


of trade effect, the production growth is exaggerated. 
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Real National Income at Factor Cost! 
(Prices: Average of 1949-50 to 1952-53) 


(Million Rs. ) 


1949-50 17,236 1954-55 20,913 
1950-51 18,140 1955-56 20,840 
1951-52 18, 066 1956-57 22,186 
1952-53 18,796 1957-58 22,200 
1953-54 20,024 1958-59 22,277 


Source: Planning Commission. 


The modest over-all increase in production, however, conceals a sig- 
nificant change in the structure of output. The period under consideration 
was characterized by a marked expansion in large-scale manufacturing, the 
income from which rose nearly fivefold—from Rs. 313 million in 1950-51 
to Rs. 1,508 million in 1958-59; the share of large-scale industry in domestic 
production had risen to 7 per cent by 1958-59. 


Index of Manufacturing Production? 
(1954 = 100) 


195] 48.6 1955 126.9 
1952 58.6 1956 143.9 
1953 76.3 1957 152.4 
1954 100.0 1958 162.4 


Source: Central Statistical Office. 


The key development in the industrial field was the establishment of 
the textile industry, which in 1954 accounted for nearly 45 per cent of the 
value added in large scale manufacturing. The rapid growth of cotton textiles, 
accounting for 80 per cent of all textile output, is indicated by the following 
figures: 





l. These estimates differ from the national income accounts of the Central 
Statistical Office in the following respects: 
(1) Terms of trade effects are excluded. 


(2) Depreciation is not deducted from estimates of gross value aided. 


(3) The figures for minor agriculture crops, livestocks and fisheries, 
which are shown as constant in C.S.O. national income accounts af- 
ter 1953-54, have been adjusted on the basis of later data collected 
by the Central Statistical Office. 


2. Large-scale manufactures only. 
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Capacity 














_ {at the end of the year) Production 
Spindles Looms Cloth Surplus Yarn 
Year (Millions) (Thousands) (Million Yards) (Million Pounds) 
1950 0.29 5. 33 106. 3 13.39 
1954 1. 32 18. 42 345.2 99.95 
1958 1. 88 28.17 576.2 188.70 


Source: Central Statistical Office. 


The peak growth of the cotton textile industry was during the years 
1952, 1953, and 1954, largely under the impact of the almost complete stop- 
page of cloth imports. The development of the textile industry not only helped 
to diversify the production structure and reduce dependence on imports, but 
it also was an important influence in cushioning price increases during 1955-59. 
Cotton textile prices, which had attained a high level in 1953, dropped almost 
steadily in the next three years, due mainly to increased competition among 
domestic producers since imports remained negligible. The continued decline 
in cotton textile prices in 1956, following the devaluation, was particularly 
healthy because it materialized notwithstanding an increase in the domestic 
price of raw cotton. In 1957, the trend of textile prices was reversed, but 
even so the rise was modest. 

In sharp contrast to the rapidly expanding industrial production, agri- 
cultural output has tended to stagnate in the recent period and was a major fac- 
tor in accentuating the imbalance between the aggregate demand and supply posi- 
tion. The production of major agricultural crops showed little net increase 
between 1954-55 and 1958-59, indicating a very low supply response to a marked 
increase in agricultural prices over the period. The unsatisfactory trend in 
agricultural production was only partly due to natural calamities like floods and 
droughts and was a reflection of the basic fact that the returns in agriculture 
have not been commensurate with the increase in the development expenditure. 
On the one hand, the gestation period of projects was too long, and on the other, 
the increase in irrigation facilities had not resulted in a corresponding increase 
in the area under cultivation because of the disappointingly slow progress on 
colonization schemes. ! 


Index of Agricultural Production? 
(1949-50 to 1952-53 = 100) 





1951-52 97 1955-56 99 
1952-53 100 1956-57 113 
1953-54 109 1957-58 110 
1954-55 105 1958-59 107 


Source: Central Statistical Office. 





1. State Bank of Pakistan, Governor’s Speech to the Ninth Annual General 
Meeting of the Shareholders (1957), p. 60. 
2. Major agricultural crops only. 
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rhe faiiure of production to rise rapidly affected not only the absorption 
of monetary financing directly, but also precluded the possibility of desirable 
liquidity changes. The stagnant agricultural production led, on the one hand, 
to the emergence of a lasting food deficit from 1955 onwards, and on the other, 
limited the availability of export crops, notably cotton. The large foodgrain 
imports and the reduction in the volume of exports were the two important causes 
of the growing balance of payments disequilibrium. 


Balance of Payments Developments 





Balance of payments difficulties dominated the economic scene in Paki- 
stan almost throughout the period with which we are concerned. Strong payments 
pressures were exerted, on the one hand, by the growing internal monetary dis- 
ecuilibrium and, on the other, by the almost persistent deterioration in the terms 
of trade. On both these grounds pressures were cumulative and were intensified 
in the later years—1955-59. However, foreign aid imports, which were rather 
small up to 1954-55, rose sharply thereafter. Total aid-financed imports amount- 
ed to Rs. 2,531 million in 1955-59, as against only Rs. 219 million in 1951-55. 
Large aid availabilities, which represented a net addition to the country’s re- 
sources, made possible the running of sizable import surpluses and the sustaining 
of development efforts. Whether they materially relieved the pressure on the bal- 
ance of payments is a more doubtful matter. ! 

As we noted, a sizable part of the domestic monetary expansion in the 
earlier years was absorbed by the drop in foreign exchange reserves, which cush- 
ioned the impact of domestic inflationary forces. However, the level of foreign 
exchange reserves which came io prevail towards the end of 1952 was considered 
too low to permit further drawing down, even for short periods. The balance of 
payments policy, as reflected in the framing of foreign exchange budgets and ad- 
ministration of import control, aimed at a balance between foreign exchange earn- 
ings and outlays. The foreign exchange reserves showed significant improvement 
in 1955-56, in the wake of devaluation, but were quickly utilized in the next few 
years. For the period 1955-59 as a whole, there was little net change in the ex- 
ternal assets of the banking system. Thus, in the period in which inflationary 
pressures really gathered momentum, the major instrument of policy for maintain- 
ing equilibrium in the balance of payments, in the extremely narrow sense of avoid- 
ing any net change in external reserves, was the change in the level of import re- 
strictions. Even though the rupee was devalued by 30 per cent in August 1955, é 





1. For assumptions necessary for the favorable effect on the balance of payments 
of a foreign loan and/or aid transfer, see J. J. Polak, “Balance of Payments 
Problems of Countries Reconstructing with the Help of Foreign Loans,” Quarterly 
Journal of Economics (February 1943), reprinted in the American Economic 
Association, Readings in Theory of International Trade (Philadelphia: The Blaki- 
ston Company, 1949). 








2. In September 1949, Pakistan was the only Sterling Area country which did not 
devalue her currency. Thus, the 1955 devaluation merely restored the pre-1949 
par value of the Pakistan rupee vis-a-vis Sterling and the Indian rupee. 
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the reliance on the instrument of quantitative restrictions on imports and pay- 
nents did not diminish. The devaluation failed to have a lasting beneficial 


7 . ° 
effect on the balance of payments’ because of the continued monetary expansion, 





the inelastic agricultural output, and the autonomous deterioration in the terms 
trade 
Il. Policy Instruments and Targets: Some Strategic Aspects 
tte 
Th section will attempt to relate the monetary developments in Pak- 
tan dl issed in the previous chapter to the real changes in saving and in- 
vestment. The leverage of the instrument of credit creation on the level of 
the real capital formation will be discussed. The critical role of foreign ex- 
hange availabilities for investment will be stressed, and the reasons for the 


ire of exchange control as a tool for allocating resources under conditions 


i exce jemand will be examined. 


1. Deficit Finance and Capital Formation 





Che major goal of development policy in Pakistan has been the stepping 
ip of the rate of capital formation, and this can be assumed to have been the 
main force behind the policy of deficit financing. In a sense, therefore, the 

iccess of the program of deficit financed development, quite apart from the 
cial and economic consequences of inflatio::, may be judged from the extent 
o which it enabled the diversion of larger total real resources towards in- 
vestment. The saving and investment flows in the Pakistan economy during 
the period 1951-59 are analyzed in this section. We shall assume in the follow- 


ing discussion that the monetary effects of the large foreign aid flows were 
neutral. Foreign aid represents a government to government transfer, and 
the assumption of a marginal propensity to spend of unity for the government, 
ven the pressing need for development resources, appears reasonable. It 
will also be assumed that the deterioration in the terms of trade, with the low 


elasticity of substitution between home and foreign goods, contributed to the 
balance of payments pressures but did not influence investment more than con- 
sumption. It is not necessary for our purposes that these assumptions hold 

in the extreme sense. It can be readily conceded that the effect of the large 
foreign aid flow on availabilities was, in some sense, larger than the net trans- 
fers because foreign exchange was a scarce resource. But, on the other hand, 
the deterioration in the balance of payments resulting from adverse terms of 
trade probably did influence investment more than consumption because of the 
greater dependence of investment on capital goods imports. 

Table VII shows the sources and the uses of investment funds for the 
periods 1951-55 and 1955-59. On the uses side, the estimates of public devel- 
opment outlays are based on central and provincial governments’ capital bud- 
gets, while the gross private investment figures are based on the Planning 





1. We are speaking of the improvement in an ex-ante sense, i.e., a reduction 
in degree of restrictiveness of imports and/or the price disparity between home 
/ 


and foreign price levels. 
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Commission estimates of fixed investment in construction, transport, and in- 
dustry. The coverage of both our public and private investment is not complete 


because estimates of development spending in the revenue budget and of private 


investment in rural housing and agriculture are not available for the entire per- 


iod. The narrow definition adopted here, which, roughly speaking covers, 
about 75 of all investment, has the advantage of consistency over time. On tke 


sources side, items (2-6) correspond to the excess imports! in the balance of 


payments. Gross domestic saving is estimated as the balancing residual item 

) 1 . 
and thus includes both private and public saving.“ Crude though it may seem, 
this method offers the only practical basis for estimating savings in the absence 


of detailed national income accounts. One important qualification may be noted. 


To the extent that foreign aid receipts are shown on a gross basis, gross domes- 
7 


ic savings are underestimated for the 1955-59 period. In this period, a sub- 


stantial part of the counterpart funds accumulated under aid programs and held 
by the United States Government was diverted to non-development uses outsid2 
the government budget, such as United States military aid,’ the United States 
Government expenditure connected with the administration of aid, etc. No direct 
estimate of these expenditures is possible, but the utilization of aid in the bud- 
get and net addition to counterpart funds over the period suggests that the leak- 
age on this account from gross aid flow was probably not less than Rs. 800-900 
million. 4 

Despite shortcomings and incomplete coverage in some respects, the sav- 
ing and investment accounts as presented here can be helpful in a broad compar- 
ison of the changes in the real capital formation between 1951-55 and 1955-59. 
However, we first have to solve the somewhat intricate problem of a suitable 
price deflator for grogs investment in money terms. The general price index 
relating to domestic product rose from an average of 93.2 (1952-53 100) during 
1951-55 to 108.2 during 1955-59—a rise of 16 per cent.” Over the same period, 
the import price index jumped up from 105.0 (1952-53 = 100) to 172.7, depicting 


a rise of about 64 per cent, mainly reflecting the effect of devaluation. In 





Adjusted for the errors and omissions and suspense item. See Table VI, 


2. Public savings amounted to Rs. 383 million during 1951-55 but were negative 
by Rs. 114 million during 1955-59. However, if it was possible to include the 
development expenditure in the revenue budgets under public investment, publix 
savings would be correspondingly higher. 


29 


3. The expenditure on this account was estimated at Rs. 90 million and Rs. 


123 million in 1957-58 and 1958-59, respectively, in the Finance Minister’ s 


Budget Speech, Government of Pakistan Budget, 1958-59, p. l2. 

4. Taking account of this would raise the gross domestic saving figure for 1955- 
99 Rs. 4,725 million as against Rs. 3,656 million in 1951-55. 

5. The price increases both in the general price index and import price index 
have been calculated on the basis of the arithmetic means of yearly indices. The 
price deflator based on these, therefore, is only a rough indicator. See Table V. 
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estimating the price increase relative to investment outlay, we have assumed 
. ] . 
in import coefficient’ of 0.40. 


vestment goo 


On this basis, the increase in the price of in- 
is during 1955-59, as compared to 1951-55, works out at 35 per 
ent. Admittedly, this estimate is quite rough, but the conclusions that follow 
ire iwiiciently 


clear-cut to allow for a reasonable margin of error in either 


\djusting the 1955-59 investment figures for price change, we find that 
investment actually showed only a nominal increase of 1.5 per cent 
ver 1951-55. Though the gross investment showed a small increase, 


net cap- 
ital formation between the two periods can be taken to have declined substantial- 
1u¢ 


l to higher depreciation charges (on a rising capital stock) in the later 
period. The reduction in real net domestic investment during 1955-59 took place 
notwithstanding an increased utilization of net foreign resources. During 1951- 
il part (nearly 1/4) of domestic investment was financed by draw- 
ign exchange reserves, 


substantl: 


ing adown tore 


foreign loans, and foreign aid. In the next 
four years, very li 


y little foreign exchange reserves were used, but foreign aid 
sed enormously with the result that, even after allowing for net internal 
transfers to non-development purposes from foreign aid and adjusting for the 
price increases, the real value of net foreign exchange utilizations exceeded the 
orresponding external financing in the previous period by 15-20 per cent. 


This 
means that the domestic resources allocated to development fell, between 1951- 
and 1955-59, even more sharply than the level of real net domestic capital 
tormation., 
The disappointing behavior of real capital formation in what were the 


t four years of Pakistan’s First Five Year Plan—a serious attempt at com- 
prehensive planning—at first seems odd; the rate of gross fixed investment was 
ent of national income, though it must be emphasized that the cover- 
of our investment figures is not complete. 


only 7 per « 
ige The conclusion about the decline 
in investment in recent years appears incongruous with the increasing tempo of 
development programs in the public sector. But there is no real contradiction 
here. While the real investment in the public sector did rise (about 16 per cent 
‘oss terms), 


this increase was more than offset by a sharp decline in pri- 
vate investment. Gross private (fixed) investment at Rs. 2660 million during 
14 } 


5—5 though somewhat higher in money terms than the level in 1951-55, show- 


y 


ed a decline of 17 per cent in real terms and, making allowance for increasing 
lepreciation, { 


markedly higher replacement cost, was probably not much high- 
er than 2/3 of the level in j the share of private 
)0 per cent to 40 per cent over the period. 


investment in the total 


teli irom 





l The First Five Year Plan estimated the import coefficient for the public sec- 
tor program at 0.42 and 0.52 for private sector investment. We have chosena 
somewhat lower coefficient partly because of the dominance of the public sector 
outlay in actual outlays and partly because of possible substitution in favor of home 
goods due 


e to a rather marked divergence between prices of the latter and those of 
mporte d goods 
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The reduction in private investment cannot be attributed to any lack of 
investment demand as such.! The available evidence suggests that profits 
were being maintained at a high level. According to the Census of Manufactur~ 
ing, gross profits (value added minus employment costs) as a per cent of sales 
(value of products made) dropped only slightly, from 23 per cent in 1954 to 
20 per cent in 1957. Gross profits in cotton textiles declined rather sharply 
from the abnormal level of 35 per cent to 24 per cent over the period, but in 
the rest of the manufacturing sector, which was expanding rapidly, profits re- 
mained unchanged. Even in the case of cotton textiles, manufacturers were 
exerting pressure on the government for liberal imports of machinery and spare 
parts, and the export bonus scheme,” first applied to the export of cotton manu- 
factures in 1958, to some extent represented an accomodation of this pressure. 

The most important single factor limiting the level of private investment 
appeared to be the scarcity of foreign exchange resources. The limitation of 
foreign exchange was critical because the import coefficient in the investment 
program is very high, and the substitutability between home and foreign goods 
in investment is also very limited. The frustrated investment demand implied 
that the savings (ex-ante) in the private sector could not be channeled into pro- 
ductive uses. 3 

An icea of the effect of import restrictions on the level of capital goods 
imports can be had from the following figures. Private capital goods imports 
were running at the annual rate of about Rs. 209 million during 1955-58 as 
igainst Rs. 177 million in the preceding four years. However, allowing for the 
effect of the devaluation in August 1955 and the rise in the import prices, the 
investment goods imports in real terms dropped by at least 25 per cent between 
the two periods. The actual decline in the availabilities of capital goods imports 
to the private sector was even larger because Pakistan Industrial Development 
Corporation imports (on account of the public sector industrial development pro- 
gram), included under private imports, in fact, expanded. 

The reduction in foreign exchange allocation for private sector investment 
took place in spite of the high priority on capital goods imports and the exist- 
ence of strict exchange and trade controls. Apparently, given the total foreign 











1. The investment demand in an inflationary situation may actually be unduly 
inflated due to high profit margins and expectations of rising prices. Even if 

we abstract from the effect of price expectations, the normal investment demand 
can in such a case be determined only by using a shadow price for the exchange 
rate. We are assuming that it was this normal investment demand in Pakistan 
which was frustrated due to foreign exchange difficulties. 


2. Under this scheme, a part of the foreign exchange earned could be utilized 


directly by the exporter for imports of specified items. 

3. The unsatisfied investment demand was probably directed to real estate and 
stock market speculation as well as to capital transfers abroad. The real bal- 
ance effect operating through the rise in price also absorbed a large part of ex- 
ante savings by increasing the need for cash balances. 
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exchange availabilities, the substitution in favor of capital goods as against con- 
imer goods and raw materials just could not be pushed further. In fact, the 
inadequate imports of raw materials and spare parts had already resulted in 


substantial idle capacity. 

The fact that the limit on private investment, and thus on total invest- 
ment, seemed to operate from the balance of payments side should not mislead 

On the assumption that the terms of trade deterioration and large aid in- 

flows together had only neutral effects on the payments position, the balance of 
payments weakness can be largely attributed to internal monetary pressures. 
The real phenomenon was that, after 1954-55, consumption was not being re- 
duced to release resources in response to the deficit financed development 
spending by the Government. The real consumption demand appeared to be rel- 
atively inflexible, so that the attempt by the Government to raise the level of 
capital formation in the public sector succeeded, after a point, only at the cost 
of a curtailment in private investment activity. 





2. Exchange Control and Resource Allocation 

We argued in the preceding section that the serious foreign exchange 
shortages, which appeared to be a limiting factor in private investment, were 
largely a reflection of the growing internal monetary disequilibrium and there- 


fore the balance of payments problem, though serious, was secondary. How- 
ever, the mechanism through which excess demand forces operated on the bal- 
unce of payments and made a larger leakage to consumption possible, despite 
stringent exchange control, is not without interest. The study of the forces 
limiting the effectiveness of exchange control as a tool for allocating scarce 
foreign exchange resources for investment also helps to bring out some of the 
factors sustaining real consumption. The behavior of real consumption in Pak- 
stan under conditions of excess demand—given exchange control—will be ana- 


zed in this section with special reference to the emergence of food short- 


ige und the decline in foreign exchange earnings, which were the two main 

elements in the balance of payments deterioration after 1955. While the drop 
in earnings served to limit the import capacity, the overriding need for food- 
grains imports constituted a direct leakage from the resources subject to the 


idministration of foreign exchange control. 

However, before we turn to these specific factors affecting the opera- 
tion of foreign exchange control in Pakistan, it would be helpful to outline the 
basic relationships between the twin policy instruments of deficit finance and 
exchange control, on the one hand, and the rate of spending on the other. 


Credit Creation and Exchange Control 





The use of the instrument of deficit finance and the resulting inflation- 





iry pressures almost inevitably give rise to a balance of payments problem for 
] . . . 

a country.* The payments problem will emerge even if the internal rise in 

1. “In a real sense the credit expansion is the cause of payment problems.” 


J. J. Polak, “Monetary Analysis of Income Formation and Payments 
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prices is relatively successful in inducing forced savings. In that case, price 
effects operating through the price elasticities may dominate over the income 
effects and the marginal propensity to import. The extent to which balance of 
payments pressures can be allowed to result in actual deficits is often serious- 
ly limited by the availability of foreign exchange reserves and/or foreign 
borrowing. The use of the instrument of monetary expansion for raising the 
level of capital formation therefore necessitates additional instruments, the 
most frequent being the use of quantitative restrictions and exchange control 
for achieving the target of ‘equilibrium’ in the balance of payments. The cor- 
rective balance of payments policies, however, often conflict with the attempts 
to raise real investment expenditures, which may be at the back of the forces 
inducing monetary expansion. This point needs some elucidation. 

The modern theory of balance of payments /~the so-called absorption 
approach—emphasizes that, excluding the transactions connected with external 
credit monetization, the balance of payments can be regarded as a difference 
between the value of a country’s output and its expenditure. If the balance of 
payments equilibrium, in the narrow sense of no net change in international re- 
serves, is to be maintained, additional net real expenditure desired by the 
government must be provided for either by 1) a reduction in expenditure in 
other sectors, or by 2) an increase in output in excess of the induced increase 
in expenditure, or 3) both. The possibilities of a marked increase in produc- 
tion in the short run are generally limited. Thus, imposition of import restric- 
tions and administration of exchange controls can, given the relative inelastic- 
ity of output, help to maintain foreign balance only by reducing real expendi- 
ture indirectly through an increase in the price level and/or by the forced 
postponement of outlays due to the non-availability of scarce foreign exchange 
resources. In so far as the primary objective of the autonomous increase in 
the government outlay, which generates the excess demand, may be the in- 
crease in total investment, consistency further demands that the balance of 
payments policy, designed to keep’receipts and payments in balance, should 
operate mainly through a reduction in consumption expenditures. That the 
squeezing of real consumption may not always be easy in view of the structural 
characteristics of an underdeveloped economy will become clear in the follow- 


ing discussion. 


Excess Demand: Marketable Surplus and Foodgrains Imports 
Pakistan, which up to 1954 was self-sufficient in foodgrains, at least 
in normal crop years, has, for the last four or five years, been faced with a 








Problems, I. M. F. Staff Papers(November 1957). “A continuing balance of 
payments deficit ultimately requires credit creation to keep it going.” H. G. 
Johnson, “Towards a General Theory of the Balance of Payments,” in his 


International Trade and Economic Growth (London: Allen and Unwin, 1958), 








1. For an excellent treatment, see Johnson, ibid., pp. 153-168. 
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serious food shortage which has entailed heavy food imports. Foreign exchange 
expenditure on foodgrains, which was nil in 1955, has since 1956 become the 
single most importa: drain on the balance of payments. The value of food- 


grain imports in the three years 1956 to 1958 exceeded the value of total capital 


goods imports. Nowhere is the claim of consumption on foreign exchange re- 
ources so clearly in evidence as in the case of foodgrains. 
Foodgrains Imports Total Imports¢ (1) as per cent of (2) 
(1) , : 2 
(Millions of rupees) (2) 
6 390 1986 19.7 
1957 546 2096 26.0 
437 1888 23.1 


1. Source: Ministry of Food and Agriculture. 


Source Central Statistical Office 


The trend in foodgrain consumption, which accounts for perhaps 25 per 

cent of the total national expenditure, may be studied with a view to throwing 
ight on the nature of the forces sustaining real consumption. A look at the 
figures of food crop production! makes it clear that the long-run factor of pop- 

ation growth occurring at a rate faster than the increase in foodgrains out- 
put has undoubtedly been a major influence in the foodgrains deficit. As 
against the steady rise in population, foodgrains production had risen by little 
more than 1 per cent between 1951-55 and 1955-59. However, in the last few 
years per capita foodgrains consumption has risen, and apparently at a rate 
faster than income per capita. Per capita consumption of foodgrains at 17.4 
ounces per day during 1957-58 was 8 per cent higher than in 1954-55; the 
income per capita was only 2-3 per cent higher over the period. Separate 
analysis of the food position of West Pakistan further highlights the expansion 
in foodgrains consumption and helps to pinpoint the role of excess demand in 
this regard. There was a marked increase in the consumption of wheat and 
rice in West Pakistan between 1955 and 1959, while the consumption (and pro- 
duction) of coarser foodgrains remained almost unchanged. Taking all food- 
grains together, consumption in West Pakistan during 1959 was 20-25 per 


cent higher than in 1955, and was far in excess of either the population in- 


+ 


crease or the rise in per capita income. 





Index of Food Crop Production (1949-50 to 1952-53 100) 
1953-54 113 1956-57 112 
1954-55 103 1957-58 106 
1955-56 93 1958-59 101 


) ‘ 


2. 1954-55 (July-June) was the last year in which no foodgrains were import- 
ed. 1954-55 was also the year in which internal rice and wheat prices were 


at the lowest level since 1950-51. 
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The increased consumption and net imports of wheat in West Pakistan 
were in part a reflection of the increased quantity required by the government 
for controlled distribution—mostly in the urban sector. The wheat distributed 
through the government (procurement + imports - change in stocks) has aver- 
aged over one million tons annually in the three years following 1957, as 
against about 700,000 tons in the preceding three years, notwithstanding the 
fact that prices have been gradually raised in the controlled distribution areas 
since 1955-56. 

In contrast with the growth in the urban sector requirements, and de- 
spite the steady increase in production as well as successive raising of the pro- 
curement price, the amounts of wheat procured by the government, which may 
be regarded as an indicator of the marketable surplus, have not risen. The 
total quantity of wheat procured by the government during 1957-59 was only 
3 per cent higher than for 1954-56, while production over the period was 10 
per cent higher. The market price of wheat rose rather sharply after 1955. 
But insofar as the procurement price was raised as much or more, the incen- 
tive to sell to the government was not affected. 


Forced Saving and Structural Factors 

The evidence is therefore strong that the food shortage, which was caus- 
ing serious balance of payment difficulties after 1955, was traceable at least 
in part to the failure of the marketable surplus of foodgrains to increase con- 
sistent with the growing requirements of the non-agricultural sector. It is, 
however, clear that the foodgrain requirements of the newly employed workers 
need not, by itself, give rise to a net consumption pressure in the economy. 
At the root of the problem was the fact that resort was had to created money to 
finance new development projects which were not as yet adding significantly to 
output flow. The failure of the marketable surplus to rise merely signified 
that the foodgrain consumption in the subsistence agricultural sector was not 
being squeezed sufficiently to accommodate excess demand pressure arising 
elsewhere. Looked at in another way, the consumer spending generated in the 
monetary sector seemed to call for a direct addition to the wage goods sup- 
plies. The workers who were transferred to the development projects had 
to be fed and clothed, and their requirements represented, by and large, a 
net addition to the total ‘real’ consumption demand. It was probably not pos- 
sible to squeeze real wages to any significant extent because it is perhaps the 
real and not the money wage which tends to regulate the flow of surplus work- 
ers from the agricultural sector to the non-agricultural sector. The concern 
with the real wage rate may have been at the back of the government effort 
to maintain reasonable prices of foodgrains through supplementing imports 
with internal controls and food subsidies. | 








1. The sale of foodstuffs involved a subsidy of Rs. 152.4 million during 1956-57, 
Rs. 128.3 million in 1957-58, and Rs. 67.1 million during the 15-month period 
ending June 1959. The subsidy, which served to cushion the impact of growing 
food shortages and rising foodgrain prices on the urban population, involved a net 
drain on government revenue and thus further aggravated the monetary situation. 
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i € ! ] on tnougn coniined to toodagrains, seems to suggest 
gene! ii! litle ng the attempts to generate reali Savings througn inlia- 
t ncing in less developed economies which have a large subsistence 

ector., The iccessful use of the instrument of deficit financing for raising 
the level of investment ultimately requires the curtailment of real consump- 
on at given income level. This may not be easy in economies where a sub- 

intial part of the transactions lies outside the range of monetary influences. 

ve pointed out earlier, nearly 30 per cent of the national income in Paki- 

tan originates in the non-monetary sector. The consumption in this sector 

nnot be reduced by the simple expedient of bidding for real resources by the 
reation ol money in the government sector. 
Import Substitution: Internal Inflation and Exports 

We will now discuss the difficulties of restraining consumption and mak- 

g exchange control effective, with reference to the other important elements 
n the balance of payment situation in Pakistan, viz., the reduction in foreign 
exchange earnings. As the following table shows, the almost steady drop in 
exports after 1951-52 brought the receipts down to the record low level of 
$321.3 million in 1958-59. As a percentage of money national income, export 
earning lropped from 7.3 per cent in 1952-53 to 5.7 per cent in 1958-59. 

Export Re elpts 
(In Current Prices) 
Years Years 
(July-June) Million $ (July-June) Million $ 
1951-52 662.7 1955-56 406.7 

y2— 405.3 1956-57 357.2 

153-54 3 1957-5! 321.0 

194—- 67 1958-59 321.3 

Source Balance of Payments Records 


[he decline in exports has been due, apart from the reduction in export 


price o two main tactors i) large-scale import substitution as a direct con- 


sequence of the growth of industrial capacity, as typified by the newly establish- 
ed cotton textile industry, and b) the presence of inflationary pressures in the 
economy. The import substitution was a deliberate policy objective and was a 


orollary of the efforts to diversify production structure and to reduce depend- 


ence on the extremely vulnerable foreign trade sector. The success of the pol- 


of import substitution was indicated by the fact that, starting from a posi- 
tion of almost complete dependence on foreign textiles, the country had already 
become self-sufficient in most varieties of cotton cloth and yarn by 1955. 


The growth of industrial capacity, which has made import substitution 
possible, has adversely influenced the potency of import restrictions as a pol- 
icy instrument in two ways. First, it has tended to lower the long-run equilib- 
rium level of imports and exports, and has thus reduced the range of resources 
subject to the administration of the exchange control authority. Second, it has 
made exports susceptible to the domestic monetary situation. The setting up 
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of industry in Pakistan has meant a greater degree of substitution both between 
home products and foreign trade goods and between imported goods and export 
products. A necessary assumption for the effectiveness of the import restric- 
tions under domestic inflationary conditions is that the rise in demand (and/or 
prices) of both home goods and imported products does not result either in a 
marked reduction of export supply (as distinct from the supply of export prod- 
ucts) or in a lowering of the competitiveness of exports. In Pakistan, however, 
with the gradual change in the structure of the economy, exports were becom- 
ing increasingly sensitive to domestic inflationary pressures. 

The internal inflation tended to affect the export earnings, not so much 
through a loss in the competitiveness of exports as through a reduction in the 
export supply. In a country like Pakistan, whose main exports consist of agri- 
cultural products, cost competitiveness in the normal sense has limited signi- 
ficance. The prices of Pakistan’s major exports are internationally determined, 
while the supply of export products is not greatly sensitive to changes in cost 
conditions, ! 

The major instance of the reduction in export supplies due to internal de- 
mand pressures was the drop in raw cotton exports after 1954-55; the fall in 
the previous years represented largely a replacement of imports. The in- 

rease in the domestic absorption of raw cotton was the major factor in the 


marked drop in receipts from raw cotton from $104.6 million in 1954-55 to 


$46.7 million in 1958-59. The appearance of cotton manufactures exports, 
which stood at $14.3 million in 1958-59, only partly offset this decline 
Position of Raw Cotton 


(Thousands of Bales) 





Years Production Domestic Consumption Exports 
(Sept.-August) (July-June) (July -June) 
1954-55 1602 800 723 
1955-56 1740 810 948 
1956-57 1600 1000 664 
1957-58 1700 1120 $47 
1958-59 1520 1100 460 
bale 392 lbs. 


Source: Reports on Currency and Finence 


The domestic cloth consumption.2 which since 1954 has been met almost 
I 





With the small peasant farm as the unit, the costs of production consist 


essentially of the living expenses of the farmer and his family and of certain 
fixed dues to the landlord or the state. The high ratio of these supplementary 
costs to the fixed costs tends to keep production at all times more or less at the 


maximum level possible under the given conditions. K. N. Raj, The Monetary 
Policy of the Reserve Bank of India (Bombay, 1948), p. 43. 








2. Estimated as follows: Domestic production of cloth and yarn minus net ex- 
1 


ports of cloth and yarn. 1 lb. yarn 4 yards of cloth. 
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wh I lomest ources, has risen rapidly. The estimated consump- 
tion of cotton cloth of 937 million yards during 1954 already compared favorably 
with the average of 868 yards in the three years from 1950 to 1952, the period 
of liberal imports. By 1958, cloth consumption was at a record level of 1306 
million yards, and the per capita consumption at 15.3 yards already exceeded 
the First Plan’s target of 14 yards for 1960 and compared very favorably with 
the average of 11.3 for the years 1950-52. The per capita real income during 
158-59 was barely 4 per cent higher than the average in the years 1950-53. 


The phenomenal growth in cotton cloth consumption, which seriously affected ex- 
port earnings and thus import capacity, was fed by the presence of excess de- 
mand in the economy and was supported by the improvement in the relative prices 
f cloth vis-a-vis other commodities. The case of availability may have further 
shifted consumer expenditure towards textiles. That the steady increase in con- 
sumption of cloth was accompanied, at least until 1956, by a decline in prices 

of cotton textiles suggests that the income mechanism emphasized by the modern 
theory, rather than the price mechanism of the classical theory, was the dom- 
inant factor in the balance of payments adjustment. 

It may be mentioned that the leakage from the export stream under infla- 
pressures was not attributable to the growth of industrial capacity alone. 
The tea exports from Pakistan furnish a good example of the direct substitu- 
tion in consumption between exports and non-exports. While annual tea produc- 
tion dropped slightly from the average of 53 million lbs. in 1951-55 to 51.5 mil- 
ion lbs. in 1955-59, the exports of tea dropped from an annual average of 27.0 
million lbs. to 14.25 million lbs. between the two periods. 

The forces operating on tea and cloth consumption were, to some extent, 
the same as were influencing foodgrains consumption. In one case, the response 
to the emergence of excess demand was the increase in imports, while in the 
other, it took the form of a reduction in exports. The process in the latter case 
was conditioned by the diversification of the economy and the growth of an in- 
dustrial base. The growth was, however, largely in the consumer goods indus- 
tries, so that the dependence of the investment program on capital goods im- 
ports remained heavy. This, in turn, operated against the attempts of the pri- 

ate investors to obtain real investment goods notwithstanding exchange control. 


III. Conclusion 

From the point of view of their impact, the deficit financing operations 
in Pakistan can be seen as falling into two distinct periods, 1951-55 and 1955- 
59. The level of money creation in the government sector did not show much 
change between these two periods. It was accompanied, however, by vastly 
different results. Stated somewhat crudely, deficit financing operations in the 
earlier four-year period can be judged to have been successful, at least partly, 
while their continuance thereafter was definitely harmful for the economy. 
The widely divergent experiences with a more or less given amount of money 
creation appears at first sight to be the most interesting feature of Pakistan’ s 
experiment in the use of monetary instruments for financing development. 
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The analysis shows that the conditions for deficit financing were not un- 
favorable in the earlier years of Pakistan’s development effort, though this 
coincidence was probably a matter of accident rather than design. | The foreign 
exchange reserves had reached a record high level by mid-1951 and were to 
make possible a very sizable net withdrawal in the subsequent period. The 
absorption of a significant portion of the internal monetary expansion by large 
balance of payments deficits limited the average annual increase in the money 
supply to less than five per cent during 1951-55. As against this, the food situ- 
ation during this period was, on the whole, quite satisfactory. The recovery 
ifter the wheat harvest failures of 1952-53 was rapid, and total foodgrain pro- 
duction in 1953-54 set a record which was not surpassed until 1959-60. At the 
same time, capacity in the consumer goods industries, particularly cotton tex- 
tiles, was being rapidly built up and was providing the basis for a marked in- 
crease in industrial output. 

That there was no serious imbalance between money demand and goods 
availabilities in the first period is evident from the fact that the general price 
level declined rather sharply. The significance of this decline should not, how- 
ever, be exaggerated. The general price level in a foreign trade-oriented 
economy like Pakistan is greatly influenced by the behavior of export prices 
and incomes. The drop of 44 per cent in export prices between 1951-52 and 
1954-55—a result of the progress of recessionary influences in the world 
commodity markets and an equally sharp decline in export incomes~was the 
main factor behind the reduction in the general price level during this period. 
The impact of these autonomous changes somewhat limits the significance of 
the movements in the general price level as a guide to the inflationary impact 
of the internal monetary expansion. 

Another important element which appeared to cushion the expansionary 
impact of credit creation during 1951-55 was the sharp rise in the monetary ra- 
tio (the inverse of the income velocity of money). A large part of this increase 
did not, however, prove to be lasting. To the extent that liquidity increased 
due to a temporary postponement of consumption and investment expenditures, 
as a result of a sudden and drastic cut in imports and possible lags in spend- 
ing out of inflated profits, the impact of money creation was merely shifted to 
the next period. 

It is clear, however, that, on the whole, deficit financing operations 
posed no real threat to financial stability up to 1954-55. The balance of pay- 
ments problem was emerging mainly due to the sharply declining terms of trade, 





1. If more attention had been given to circumstances governing the success of 
the instrument of deficit financing, greater restraint and more flexibility in 
government tax and expenditure policies would have been shown after 1955, 

when strong price pressures had already emerged and a serious food crisis was 
threatening the economy. In fact, the peak levels of deficit spending were reach- 
ed in 1956-57 and 1957-58, when the situation was already threatening to get 

out of hand. 
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but had not yet assumed serious proportions. Under the circumstances, the 
financing of public sector development outlays with created money definitely 
contributed to the mobilization of resources for capital formation; although 
the figures for private investment before 1951-52 are not available, it seems 
iirly clear that the stepping up of development spending in the government 
sector was not hampering private investment to any serious extent prior to 
154-55. But we must hasten to add that the magnitude of the resources thus 
mobilized was not large. A substantial part of the higher level of domestic 


> 


investment during 1951-55 was accompanied by disinvestment in the foreign 
sector. Had large foreign exchange reserves not been available, the balance 
of payments pressures, which were to seriously impede the success of the 
deficit financed development program during 1955-59, could not have been 
accommodated and development imports would not have been available. 

The deficit financing operations after 1955-56 were definitely infla- 
tionary. The net result of the growing inflationary pressures and accompany- 
ing foreign exchange difficulties was to frustrate the efforts of the government 
to obtain additional real resources for capital formation through created money. 
The maintenance of development outlays, financed through borrowing from the 
banking system during 1955-59, was largely at the cost of a sharp curtailment 
of private investment activity, resulting largely from the scarcity of foreign 
exchange resources. The limitation of fcreign exchange was critical because 
the import coefficient for the investment program was very high and the sub- 
stitutability between home and foreign goods in investment was also very lim- 
ited, 

It is not possible to establish a precise quantitative relationship between 
the mobilization of resources for the public sector and the frustration of invest- 
ment demand in the private sector. It is significant, however, that the statis- 
tical evidence presented in this study strongly suggests that gross domestic 


in real terms, fell between 1951-55 and 1955-59. The ratio of gross 
l 


savings, 
domestic savings to money national income, at 5.1 per cent during 1955-59, 
also stood fractionally lower than the 1951-55 level (5.2 per cent). The rise 
in the share of consumption in the national product may be explained in part by 
the autonomous factor of a rate of population growth in excess of production 
increase. Nevertheless, the conclusion appears to be valid that the deficit- 
financed development program during 1955-59 was able to bring about little 
net diversion of real resources towards investment. 

The Pakistan experience in the years after 1955-56 throws some useful 





l. According to the Second Five Year Plan, the ratio of gross domestic savings 
to money national income during this period averaged 5.9 per cent; the figures 
for the earlier period are not given. It may be noted that the Second Plan em- 
ploys a somewhat wider definition of saving and investment than is used here. 
The Plan estimates of money national income also differ in some respects from 
those worked out in this study. Cf. Government of Pakistan Planning Commis- 
sion, The Second Five Year Plan (Karachi: Manager, Government of Pakistan 
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light on the broad issue as to whether inflationary financing, distinct from cre- 
ation of money as such, can be successful in mobilizing real resources for de- 
velopment in underdeveloped economies which are almost entirely dependent 
on capital goods imports for their investment program. Our analysis indicates 
that much hinges on the strength of the balance of payments. If internal mone- 
tary imbalance impinges on an inherently weak payments situation, resulting, 
for instance, from secularly declining terms of trade, foreign exchange would 
become a major bottle-neck. The scarcity of foreign exchange resources 
would, in turn, tend to put an indirect brake on investment. The crucial point 
is that in countries where the import coefficient of the investment program is 
high, balance of payments difficulties tend, ceteris paribus, to frustrate in- 





vestment decisions more than consumption demand. No doubt the authorities 
can, and do, supplement the use of the instrument of monetary expansion with 
the use of quantitative restrictions and exchange control for controlling the 
balance of payments and for bringing about the desired allocation of foreign 
exchange resources for investment. But the relevant question is: can the ef- 
fectiveness of the exchange control tool under excess demand conditions be 
taken for granted? 

In Pakistan’s case, at least, excess demand forces operating on the 
balance of payments made possible a larger leakage to consumption despite 
stringent exchange control. Several factors combined to limit the efficacy of 
import restrictions as a policy instrument. The rapid growth of industrial 
capacity and resulting large-scale import substitution, which had been achiev- 
ed by 1955, tended to lower the long-run equilibrium level of imports and ex- 
ports and thus reduced the amount of resources subject to the administration 
of the exchange control authority. The diversified production structure also 
made exports more sensitive to domestic inflationary pressures. Further- 
more, the existence of a large subsistence sector which was, so to speak, out- 
side the range of monetary forces acted against an increase in the marketable 
surplus of foodgrains, which was needed to feed the newly employed workers. 
This aggravated the food shortage and resulted in additional claims on foreign 
exchange resources. | 





Press, 1960), Table II, p. 28. 


1. It seems likely that, given the dependence of the country on foodgrain im- 
ports, the total balance of payments effect of the public sector development 
program was not lower than the private investment which was foregone. 

The import coefficient of the public sector investment is supposedly lower, 
but the employment effect of government spending is greater. A part of the 
demand for wage-goods, which directly influenced the payments position in 
Pakistan, thus probably stemmed from increased development outlays in the 
public sector. This may also help to explain why the real consumption of 
foodgrains and cotton cloth appeared to be exceptionally buoyant during 


1955-59. 
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In the final analysis, the failure of deficit financing policies in Pakistan 

the level of real pital formation appreciably, if at all, must be attri- 

) structural factors. It may be argued that the raising of investment in 
ector was itself a policy goal. It is, however, difficult to accept 


on that the change in the structure of investment resulting from deficit 


ig Operations was desirable. The preponderance of the public sector 


led to an undue emphasis on investment in public utilities, which have 
arly long gestation periods. Within the private sector, residential con- 
nm, particularly luxury housing, was probably unduly stimulated due to 


eral shortage of capital goods imports and speculative building. This 


tT 


ion of the investment structure was already hampering the growth of pro- 


nm Monetary and Balance of Payments Data 





Lilt 


d at by adding the change in the money supply to the net decline in the ex 





Monetary Data (Appendix Table | 
Che annual figures for internal credit monetization (line 2) have been 


ail 


issets of the banking system. The changes in foreign assets of the bank- 


+ 


tem are derived from the official balance of payments statements (tex 


Table VI) rather than from the balance sheets of the central and commercial 


bank which do not, in some cases, report foreign assets and liabilities separ- 
tely The source of the money supply data is the State Bank of Pakistan. 

Changes in domestic liabilities other than money (line 4) represent only 
hanges in time liabilities of the commercial banks. Gross Bank lending (line 
}) is thus obtained directly by substracting line 4 from line 2. 

External credit monetization is derived from the balance of payments 
tatements (Table VI). It represents the sum of net unilateral transfers and the 
lecrease in net external assets of the non-bank sector. 

The calculation of the monetary ratio, on the basis of which liquidity 
changes are determined, posed certain problems. No continuous series of mon- 
ey national income for Pakistan was available and such a series had to be con- 
structed. The Central Statistical Office, which has the prime responsibility 
for compiling the national income data, has, since 1954-55, published national] 
income tatistir in real terms only—in constant prices, average of 1949-50 to 

2= The task was, therefore, to convert the real national income figures 

from 1954-55 onwards to a series in current prices. This was made possible 
irgely by the availab to the author of a Domestic Product Price Index pre- 
pared at the Institute of Development Economics, Karachi. The index given 
below furnished an estimate of year to year changes in general prices from 1953 
144 onwards, which were combined with the real national income data and the 
basic money national income figures for 1953-54 to obtain a continuous current 
pI ce eries 


(1951-52 = 100) 


1953-54 88 1956-57 99 

54-55 71 1957-58 114 

1955-56 } 1958-59 117 
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The money national income series and Domestic Product Index figures thus ob- 
tained are given in text Tables IV and V and have been used for calculating line 
7 in Appendix Table I. Our composite series are necessarily rough and should 
be so treated. 


Balance of Payments Estimates (Text Table VI) 

The balance of payments estimates contained in Table VI have been de- 
rived largely from the official balance of payments statements published by the 
State Bank of Pakistan up to the middle of 1960. However, to the extent possible, 
adjustments have been made for incomplete coverage. 





In the official balance of payments statements, the coverage of imports 
under foreign aid and loans is not complete for the period up to mid-1955. An 
attempt has been made to meet the gap by independent estimates. The figures 
of foreign aid for the four years 1951-52 to 1954-55 have been arrived at by 
combining foodgrains imports under foreign aid! with the foreign aid figures in 
the central government budget. 

The foreign loans (World Bank, loans from the U. S. Export-Import 
Bank, U. K. credit and medium term credits for capital goods) are not reflect- 
ed in the official statistics up to 1954. The details of adjustments made un- 
der non-bank assets are given below: 


1952-53 IBRD (World Bank) loans Rs. 21.7 m 
US Ex-Im Bank loan Rs. 49.6 m 
1953-54 IBRD loans Rs. 26.0 m 
1954-55 Rs. 120 million — represents an estimate of net utilization 


of deferred payments arrangements. The imports against medium term credits 
contracted in that year are reflected in the official statistics at a time when 
installment payments are actually made. The total import licensing under spe- 
cial arrangements was of the order of Rs. 192 million.“ We have assumed that 
the utilization concentrated entirely in 1954-55 was Rs. 160 million, out of 
which Rs. 40 million was remitted in the same year (under imports on private 
account). For the years 1955-56 to 1958-59, negative entries of the follow- 
ing amounts are shown to correct for inclusion of installment payments under 
imports on private account: 1955-56, Rs. 30 m; 1956-57, Rs. 30 m; 1957-58, 
Rs. 20 m; and 1958-59, Rs. 20 m. Strictly speaking, the above payments 
amounted to a repayment of debt and have thus, in our figures, been shown as 
an offset to foreign loans on the financing side. 

The figures on foreign investment covered under non-bank assets relate 
to cash investment only, i.e., foreign exchange brought in by foreign investors 
and surrendered to the banks against Pakistan rupees. The statistics relat- 
ing to imports financed by direct foreign investment are not available. Their 








1. The Budget of the Government of Pakistan, 1958-59, Econcmic Survey and 
Statistics for 1957 (Karachi: Manager, Government of Pakistan Press, 1958), 
p. 64. 

2. Cf. J. Russell Andrus and Azizali F. Mohammed, The Economy of Pakistan 











(London: Oxford University Press, 1958), p. 289. 
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ignitude, however, is not very large. 


rhe suspense item, representing the difference between the current 


account balance and financing items, is generally due to transitional items or 
special balancing entries such as book changes in the value of foreign securi- 
ties and Dalances. 
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